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STEP 


One of the most significant long-term trends affecting the future vitality of the petroleum 
industry is the public’s concerns about the environment. Recognizing this trend, API 
member companies have developed a positive, forward looking strategy called STEP: 
Strategies for Today’s Environmental Partnership. This program aims to address public 
concerns by improving industry's environmental, health and safety performance; doc- 
umenting performance improvements; and communicating them to the public. The 
foundation of STEP is the API Environmental Mission and Guiding Environmental 
Principles. API standards, by promoting the use of sound engineering and operational 
practices, are an important means of implementing API’s STEP program. 


API ENVIRONMENTAL MISSION AND GUIDING 
ENVIRONMENTAL PRINCIPLES 


The members of the American Petroleum Institute are dedicated to continuous efforts to 
improve the compatibility of our operations with the environment while economically de- 
veloping energy resources and supplying high quality products and services to consumers. 
The members recognize the importance of efficiently meeting society’s needs and our re- 
sponsibility to work with the public, the government, and others to develop and to use nat- 
ural resousces in an environmentally sound manner while protecting the health and safety 
of our employees and the public. To meet these responsibilities, API members pledge to 
manage our businesses according to these principles: 


¢ To recognize and to respond to community concerns about our raw materials, prod- 
ucts and operations. 


* To operate our plants and facilities, and to handle our raw materials and products in a 


manner that protects the environment, and the safety and health of our employees and 
the public. 


* To make safety, health and environmental considerations a priority in our planning, 
and our development of new products and processes. 


* To advise promptly appropriate officials, employees, customers and the public of in- 
formation on significant industry-related safety, health and environmental hazards, and 
to recommend protective measures. 


* To counsel customers, transporters and others in the safe use, transportation and dis- 
posal of our raw materials, products and waste materials. 


* To economically develop and produce natural resources and to conserve those re- 
sources by using energy efficiently. 


* To extend knowledge by conducting or supporting research on the safety, health and 
environmental effects of our raw materials, products, processes and waste materials. 


¢ To commit to reduce overall emissions and waste generation. 


¢ To work with others to resolve problems created by handling and disposal of haz- 
ardous substances from our operations. 


« To participate with government and others in creating responsible laws, regulations 
and standards to safeguard the community, workplace and environment. 


* To promote these principles and practices by sharing experiences and offering assis- 
tance to others who produce, handle, use, transport or dispose of similar raw materials, 
petroleum products and wastes. 
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FOREWORD 


This specification is under the jurisdiction of the API Committee on Standardization of 
Offshore Structures. 

The purpose of this specification is to provide standards for the offshore cranes suitable 
for use in drilling and production operations. 

This standard shall become effective on the date printed on the cover but may be used 
voluntarily from the date of distribution. 

This edition of API Spec 2C supercedes the fourth edition dated March |, 1988 and in- 
cludes items approved by letter ballot through September, 1993. 


Specification for Offshore Cranes 


1 Scope 


1.1. This specification details the requirements for design, 
construction, and testing of pedestal mounted elevating and 
rotating lift devices of the types illustrated in Figure 1 for 
transfer of materials or personnel to or from marine vessels 
and structures. This specification is not intended to be em- 
ployed for the design, fabrication, and testing of davits, 
and/or emergency escape devices. 


1.2 Included are methods for establishing rated loads 
based on allowable unit stresses for load supporting compo- 
nents, as differentiated from power transmitting mecha- 
nisms. Also included are minimum requirements for 
equipment, materials, manufacturing procedures, and testing. 
Additional detailed requirements are included in the body of 
the specification. 


1.3 Structural components covered by this specification 
are listed below, including some shown in Fig. 1. 


. Crane boom 
. Boom point sheave assembly 
. Boom tip extension or jib 
. Floating harness or bridle 
. Gantry, Mast or A-frame 
. Revolving upperstructure 
. Swing circle assembly 
. Boom foot pin(s) 
Sheave pin(s) 
Boom splice bolts or connectors 
. Foundation bolts or fastenings 
Pedestal or base 
m. King post or Center Post 


—wre = Soe me Oo oO hf 


1.4 RECORD RETENTION 


The manufacturer shall maintain all inspection and testing 
records for 20 years. These records shall be employed in a 
quality audit program of assessing malfunctions and failures 
for the purpose of correcting or eliminating design, manufac- 
turing, or inspection functions which may have contributed 
to the malfunction or failure. 


2 Definitions 


2.1 accessory: A secondary part or assembly of parts 
which contributes to the overall function and usefulness of a 
machine. 


2.2 administrative or regulatory authority: Governmen- 
tal agency or the employer in the absence of governmental 
jurisdiction. 


2.3 “ag”?-frame: See “GANTRY” also called “MAST.” 
(Ref. Figure 1, Item 18) 


2.4 allowable rope load: The “nominal” breaking strength 
of the rope divided by a design factor. 


2.5 angle indicator—boom: An accessory which mea- 
sures the angie of the boom above horizontal. 


2.6 appointed: Assigned specific responsibilities by the 
employer or the employer’s representative. 


2.7 authorized: Appointed by a duly constituted adminis- 
trative or regulatory authority. 


2.8 auxiliary hoist: See “WHIP LINE.” (Ref. Figure 1, 
Item 27) 


2.9 axis of rotation: The vertical axis around which the 
crane upperstructure rotates. 


2.10 ballast: See “COUNTERWEIGHT.” (ref. Figure 1, 
Item 16) 


2.11 band brake: Circular type of brake either of external 
contracting type or internal expanding type, having a band 
lined with heat and wear resistant friction material. 


2.12 band clutch: Circular type of clutch either of exter- 
nal contracting type or internal expanding type, having a 
band lined with heat and wear resistant friction material. 


2.13 barrel: The lagging or body portion of a wire rope 
drum. 


2.14 base (mounting): See “PEDESTAL” (ref. Figure 1, 
Item 24) 


2.15 bearing raceway: The surface of the bearing rings 
which contact the rolling element (balls or rollers) of the 
swing bearing assembly. (Ref. Figures 6 & 7) 


2.16 bearing ring: The rotating and stationary rings that 
house the rolling elements (balls or rollers) of the swing hear- 
ing assembly. (Ref. Figures 6 & 7) 


2.17 boom: A member hinged to the revolving upperstruc- 
ture and used for supporting the hoist tackle. 


2.18 boom angle: The angle above or below horizontal of 
the longitudinal axis of the base boom 
section. 


2.19 boom chord: A main corner member of a lattice type 
boom. (Ref. Figure 1, Item !) 


2.20 hoom extension: Intermediate section of a telescop- 
ing boom. (Ref. Figure |, Item 2) 


2.21 boom foot pin: The boom pivot point on the upper- 
structure. (Ref. Figure {, [tem 3) 


2.22 boom hoist: See Section 7.2 and following para- 
graphs. 
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Figure 1—Crane Assembly 
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Type, See Figure 1.1 


Component 


Boom Chord 
Boom Extension 
Boom Foot Pin 


Boom Hoist Mechanism 


Boom Hoist Wire Rope or Boom Line 
Boom Lacing 
Boom Lift Cylinder 


Boom Point Sheave Assembly or Boom Head 


oot aor wow WO = 


Boom Section, Insert 


~—_ 
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Boom Section, Lower, Base or Butt 


no 
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Boom Section, Upper, Point or Tip 


—_ 
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Boom Splice 


—_ 
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Boom Stop 


— 
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Boom Tip Extension or Jib 
Cab 
Counterweight 


-_ 
n 


—_ 
lor) 


-_ 
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Floating Harness or Bridle 


= 
[==] 


Gantry, Mast or A-Frame 
Hook Block 

King Post or Center Post 
Main Hoist Drum 

Main Hoist Rope or Lead Line 
Overhaul Ball 
Pedestal or Base 
Pendant Line 
Swing Circle Assembly 

Whip Line or Auxiliary Hoist Drum 
Whip Line or Auxiliary Hoist Rope 
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Figure 2—Crane Nomenclature 
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2.23 boom hoist mechanism: Means for supporting the 
boom and controlling the boom angle. (Ref. Figure 1, Item 4) 


2.24 boom hoist wire rope: Wire rope that operates on a 
drum controlling the angle positioning of the boom. (Ref. 
Figure |, [tem 5) 


2.25 boom lacing: Structural truss members at angles to 
and supporting the boom chords of a lattice type boom. (Ref. 
Figure !, Item 6) 


2.26 boom length: The straight line distance from the 
centerline of boom foot pin to centerline of boom point load 
hoist sheave pin, measured along the longitudinal axis of the 
boom. 


2.27 boom lift cylinder: Means for supporting the boom 
and controlling the boom angle. (Ref. Figure 1, Item 7) 


2.28 boom line: Boom hoist rope which winds on drums 
or passes over sheaves. See Boom Hoist Wire Rope. 


2.29 boom point sheave assembly: An assembly of 
sheaves and pin built as an integral part of the boom point. 
(Ref. Figure 1, Item 8) 


2.30 boom splices: Splicing connections for sections of 
basic crane boom and additional sections usually of the 
splice plate type, pin type or butt type. (Ref. Figure 1, Item 12) 
2.31 boom stop: A device used to limit the angle of the 


boom at the highest recommended position. (Ref. Figure }, 
ltem 13) 


2.32 boom tip extension: See “JIB.” (Ref. Figure 1, Item 14) 


2.33 brake: A device used for retarding or stopping mo- 
tion or holding. 


2.34 brake shoe: That part of a shoe-type brake or clutch 
which makes contact with brake drum. 


2.35 bridle: See “FLOATING HARNESS.” (Ref. Figure 
1, Item 17) 


2.36 bull gear: See “SWING GEAR.” 


2.37 cab: An enclosure for the operator and the controls 
for machine operation. (Ref. Figure |, Item 15) 


2.38 cable: A flexible electrical conductor. 


2.39 center pin (Also known as KING PIN): Vertical 
pin or shaft which acts as rotation centering device and con- 
nects revolving upperstructure and base mounting. 


2.40 center post (Also known as KING POST): A tubu- 
lar member which acts as the centerline of rotation and as the 
connective member to the platform. (Ref. Figure I, Item 20) 


2.41 clutch: A means for engagement or disengagement 
of power. 


2.42 counterweight (Also called “BALLAST”): Weight 
used to supplement the weight of the machine in providing 
stability for lifting working loads and usually attached to rear 
of revolving upperstructure. (Ref. Figure 1, Item 16) 


2.43 critical component: Any component of the crane as- 
sembly devoid of redundancy and/or auxiliary restraining de- 
vices whose failure would result in an uncontrolled descent 
of the load or uncontrolled rotation of the upper structure. 
See examples in Appendix B. 


2.44 cross-over points: In multiple layer spooling of rope 
on a drum, those points of rope contact where the rope 
crosses the preceding rope layer. 


2.45 cylinder: A device which converts fluid power into 
linear mechanical force and motion. 


2.46 derricking: The operation of changing boom angle 
in a vertical plane. 


2.47 designated: Selected or assigned by the employer or 
the employer's representative as being qualified to perform 
specific duties. 


2.48 design load: See Paragraph 4.1.2 of this specification. 


2.49 design requirements: The requirements set forth by 
the manufacturer's engineering authority for materials, man- 
ufacturing, fabrication, and inspection procedures to be em- 
ployed in the production of the crane. 


2.50 drum-rope: A rotating cylinder with side flanges on 
which wire rope used in machine operation is wrapped. 


2.51 dynamic-loading: Loads introduced into the ma- 
chine or its components due to accelerating or decelerating 
forces. 


2.52 enclosure: A structure which may provide environ- 
mental protection for the machine. 


2.53 fairlead: A device to guide wire rope for proper 
spooling. 
2.54 fastline: See “WHIP LINE.” (Ref. Figure 1, Item 28) 


2.55 fitness-for-purpose: The manufacture or fabrication 
of an assembly or component to the quality level required 
(but not necessarily the highest level attainable) to assure 
material properties, environmental interactions, and any im- 
perfections present in the assembly or connection are com- 
patible with the intended purpose. Fitness-for-purpose 
connotes an assembly or component may contain material or 
fabrication imperfections of sizeable dimensions but their 
presence has no influence on its performance or reliability. 


2.56 flange point: A point of contact between rope and 
drum flange where the rope changes layers. 


2.57 floating harness (Also known as BRIDLE): A 
frame equipped with sheaves and connected to the boom by 
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stationary ropes usually called pendants. (Ref. Figure 1, Item 
17) 


9.58 foundation bolts or fasteners: The bolts used to 


connect a swing bearing to the upper-structure and/or 
pedestal. 


2.59 fracture control plan: The consideration of material 
properties, environmental exposure conditions, potential ma- 
terial and fabrication imperfections, and methods of inspec- 
tion for the purpose of eliminating conditions which could 
result in failure under the design requirements for the pro- 
jected life of the crane. 


2.60 gantry (Also known as “A” FRAME): A structural 
frame, extending above the upperstructure to which the 
boom support ropes are reeved. (Ref. Figure 1, Item 18) 


2.61 guy rope: A non-operating standing wire rope which 
maintains a constant distance between the points of attach- 
ment to the components connected by the wire rope. 


2.62 hoisting: The process of lifting. 


2.63 hoist mechanism: A hoist drum and rope reeving 
system used for lifting and lowering loads. 


2.64 hoist rope: Wire rope involved in the process of lifting. 


2.65 hook block: Block with hook attached used in lifting 
service. It may have a single sheave for double or triple line 
or multiple sheaves for four or more parts of line. (Ref. Fig- 
ure 1, Item 19) 


2.66 hook rollers: Rollers which prevent the lifting of the 
revolving upperstructure from the roller path. Hook rollers 
are the means to connect the upperstructure to the foundation 
or pedestal. 


2.67 jack shaft: Term applied to an intermediate shaft. 


2.68 jib (Also known as TIP EXTENSION): An exten- 
sion attached to the boom point to provide added boom 
length for lifting specified loads. (Ref. Figure 1, Item 14) 


2.69 king pin: See “CENTER PIN.” 

2.70 lacing: See “BOOM LACING:”” (Ref. Figure 1, Item 6) 
2.71 laggings: Removable and interchangeable drum 
spool shells for changing hoist drum diameter to provide 
variation in rope speeds and line pulls. This construction is 


optional with manufacturer. 


2.72 lattice boom: Boom of open construction with angu- 
lar or tubular lacing between main corner members (chords) 
in form of truss. 


2.73 live rolfer circle: An assembly of multiple swing 
rollers free to roll between revolving upperstructure and 
mounting. 


2.74 load-working: The external load in pounds (kilo- 


grams, decanewtons), applied to the crane including the 


weight of load-attaching equipment such as load block, 
shackles, and slings. 


2.75 load block—lower: The assembly of hook or 
shackle, swivel, sheaves, pins, and frame suspended by the 
hoisting ropes. 


2.76 load block—upper: The assembly of shackle, 


swivel, sheaves, pins, and frame suspended from the boom 
point. 


2.77 load line (Also known as “HOIST LINE’’): In lift- 
ing crane service it refers to the main hoist. (Ref. Figure 1, 
Item 22) The secondary hoist is referred to as a “WHIP 
LINE or AUXILIARY LINE.” (Ref. Figure |, Item 28) 


2.78 load ratings: Crane ratings in pounds (kilograms, 
decanewtons) established by the manufacturer in accordance 
with Section 2. 


2.79 loose gear: Loose gear includes all slings, nets, 
hooks, baskets, shackles, chains, ropes, cables, life vests, 
etc., necessary in crane operations to attach the load to the 
crane hook or block and to move the load. (Life jackets and 
life vests are terms for a Coast Guard approved life saving 
device able to support an unconscious man in the face-up po- 
sition. Work vests are bouyant flotation devices usually made 
of a plastic foam and work vests are not approved for work 
over water or for personnel transfer.) 


2.80 luffing: See “DERRICKING.” 


2.81 main hoist line: See “LOAD LINE.” (Ref. Figure |}, 
Item 22) 


2.82 major structural revision: A change to the structure 
which reduces the load-carrying capability of any structural 
component or for which a revised load chart has been estab- 
lished. 


2.83 mast (Also known as GANTRY): A frame hinged 
at or near the boom hinge for use in connection with support- 
ing a boom. Head of mast is usually supported and raised or 
lowered by the boom hoist ropes. 


2.84 master clutch: Disengages prime mover from all 
motions of the crane. 


2.85 master coupling link: {fs an alloy steel welded cou- 
pling link used as an intermediate link to join alloy steel 
chain to master links. 


2.86 master link or gathering ring: Is a forged or welded 
steel link used to support all members (legs) of an alloy steel 
chain sling or wire rope sling. 


2.87 mechanical coupling link: Is a non-welded, me- 
chanically closed steel link used to attach master links, 
hooks, etc., to alloy steel! chain. 


2.88 operators station: The designated location for the 
operator for operating the machine. 


2.89 overhaul: Ability of a weight on end of hoist line to 
unwind rope from drum when brake is released. 


2.90 overhaul ball: The weight on a single part line used 
to pull the wire rope off the drum with gravitational assis- 
tance. (Ref. Figure |, Item 23) 


2.91 pawl (dog): A device for positively holding a mem- 
ber against motion in one or more directions. 


2.92 payload: See “LOAD-WORKING.” 


2.93 pedestal (Also known as BASE): The supporting 
substructure upon which the revolving upper-structure is 
mounted. (Ref. Figure 1, Item 24) 


2.94 pendant (Also known as GUY ROPE): A non-op- 
erating standing rope of specified length with fixed end con- 
nections. (Ref. Figure 1, Item 25) 


2.95 pitch diameter: Root diameter of drum, lagging or 
sheave, plus the diameter of the rope. (Ref. Figures 3 and 5) 


2.96 power controlled lowering: A system or device in 
the power train, other than the load hoist brake, which can con- 
trol the lowering rate of speed of the load hoist mechanism. 


2.97 prototype: An initial manufactured component or 
unit of a specitic design adhering to this edition of API Spec 2C. 
2.98 qualified: A person who, by possession of a recog- 
nized degree, certificate of professional standing or who by 
extensive knowledge, training, and experience, has success- 
fully demonstrated the ability to solve or resolve problems 
relating to the subject matter and work. 


2.99 rated capacity: The rated load at specified radii as 
established by the manufacturer and are the maximum loads 
at those radii covered by the manufacturer’s warranty. 


2.100 rear end radius: See “TAIL SWING.” 


2.101 reeving: A rope system where the rope travels 
around drums and sheaves. 


2.102 revolving upperstructure: The rotating upper 
frame structure and the operating machinery mounted 
thereon. 


2.103 ring gear: See “SWING GEAR.” (Also called 
BULL GEAR) 


2.104 roller path: The surface upon which the rollers that 
support the revolving upperstructure bear. It may accommo- 
date either cone rollers, cylindrical rollers, or live rollers. 


2.105 rolling element: The balls or rollers contained be- 
tween the rings of the swing circle bearing. (Ref. Figures 6 & 7) 


2.106 rotating base: See “REVOLVING UPPER- 
STRUCTURE.” 


2.107 rope: Refers to wire rope unless otherwise specified. 


2.108 rotation resistant rope: A wire rope consisting of 
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an inner layer of strand laid in one direction covered by a 
layer of strand laid in the opposite direction. This has the ef- 
fect of counteracting torque by reducing the tendency of the 
finished rope to rotate. 


2.109 running rope: A rope which travels around sheaves 
or drums. 


2.110 shall: This word indicates that the rule is mandatory 
and must be followed. 


2.111 should: This word indicates that the rule is a rec- 
ommendation, the advisability of which depends on the facts 
in each situation. 


2.112 side loading: A load applied at an angle to the ver- 
tical plane of the boom. 


2.113 slewing: See “SWING.” 


2.114 | sling: An assembly which connects the load to the 
material handling equipment. 


2.115 standing (guy) wire rope: A supporting non-oper- 
ating wire rope which maintains a constant distance between 
the points of attachment to the two components connected by 
the wire rope. 


2.116 structural competence: The ability of the machine 
and its components to withstand the stresses imposed by ap- 
plied loads. 


2.117 swing: Rotation of the upperstructure for move- 
ment of loads in a horizontal direction about the axis of 
rotation. 


2.118 swing bearing: A combination of rings with balls 
or rollers capable of sustaining radial, axial, and moment 
loads of the revolving upperstructure with boom and load. 


2.119 swing circle assembly: (Ref. Figure |, Item 26) 


2.120 swing circle: See “SWING BEARING” and 
“ROLLER PATH.” 


2.121 swing gear (Also known as RING GEAR or 
BULL GEAR): External or internal gear with which swing 
pinion on revolving upperstructure meshes to provide swing 
motion. 


2.122 swing mechanism: The machinery involved in pro- 
viding dual directional rotation of the revolving upperstructure. 


2.123 swivel: A load carrying member with thrust bear- 
ings to permit rotation under load in a plane perpendicular to 
the direction of the load. 


2.124 swiveling: The rotation of the load attachment por- 
tion (hook or shackle) of a load block (lower) or hook assem- 
bly about its axis of suspension in relation to the load line(s). 


2.125 tackle-hoist: Assembly of ropes and sheaves ar- 
ranged for pulling. 
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2.126 tail swing: Clearance distance from center of rota- 
tion to maximum rear extension of revolving upperstructure. 
Also called “REAR END RADIUS.” 


2.127 telescoping boom: Consists of a base boom from 
which one or more boom sections are telescoped for addi- 
tional length. (Ref. Figure 1, Type B, Items 2, 10, 11) 


2.128 torque converter: Auxiliary transmission con- 
nected to prime mover which multiplies engine torque as 
load increases with corresponding decrease in speed. 


2.129 turntable: See “REVOLVING UPPERSTRUC- 
TURE.” 


2.130 two-blocking: The condition when the lower load 
block or hook assembly comes in contact with the upper load 
block or boom point sheave assembly. 


2.131 upperstructure: See “REVOLVING UPPER- 
STRUCTURE.” 


2.132 whipline: A secondary rope system usually of 
lighter load capacity than provided by the main rope system. 
Also known as “AUXILIARY.” (Ref. Figure 1, Item 27) 


2.133 wire rope: A flexible, multi-wired member usually 
consisting of a core member around which a number of 
multi-wired strands are “laid” or helically wound. 


3 Crane Rating 
3.1 RATED LOAD 


Ratings shall be established for static and dynamic load- 
ings. Static rated load shall be that load which can be lifted 
quasi-statically when no relative motion exists between the 
crane and the load to be lifted. The dynamic rated load shall 
be that load which can be lifted under specified dynamic 
conditions encountered when relative motion exists between 
the crane and the load to be lifted. Static ratings! shall be es- 
tablished for lifting from or setting on the crane-supporting 
structure. Dynamic ratings shall be established for lifting 
from or setting on vessels. 

To help determine allowable crane loadings, a design load 
shall be used. The design load is the product of the rated load 
times the applicable load factor or dynamic factor. The de- 
sign load is therefore the load the crane will see when the 
rated {oad is lifted and the design dynamic levels are acting 
on this load. A Category | Design Load as defined in Section 
4 shall be the static rated load times a load factor of 1.33. A 
Category 2 Design Load as defined in Section 4 shall be the 
dynamic rated load times the applicable dynamic load factor. 
The design loads are used in subsequent sections to define 
the required safety factors and design criteria for the crane 
components. 


1See Commentary, paragraph B.2.1.1 for “static” ratings on floating struc- 
tures. 


3.1.1. Static Rated Load 
The static rated load shall be the least of the following: 


a. 75 percent of the ‘category | design load.” 

b. Maximum load based on load line reeving and wire rope 
design factors in accordance with paragraph 6.2. 

c. Maximum load based on load hoist line pull available, 
considering line reeving losses with manufacturer’s design 
reeving, for a load at the boom head, catculated in accor- 
dance with paragraph 7.1.8. 

d. Maximum load based on boom line reeving and wire rope 
design factors in accordance with paragraph 6.2. 

e. Maximum load based on boom pendant wire rope in ac- 
cordance with paragraph 6.2. 

f. 75% of maximum load based on boom hoist line pull 
available, considering line reeving losses. with manufac- 
turer’s design reeving for boom line, calculated in accor- 
dance with paragraph 7.1.8. 


The published ‘load chart” rated load shall be reduced 
from the above calculated rated loads by the weight of the 
hook and block excluding the load hoist rope. 


3.1.2 Dynamic Rated Load 
The dynamic rated load shall be the least of the following: 


a. The “category 2 design load” divided by the applicable 
dynamic coefficient (C, or C,) from 3.2. 
b. Maximum load based on load line reeving and wire rope 
design factors in accordance with paragraph 6.2. 
c. Maximum load based on foad hoist line pull available, 
considering line reeving losses with manufacturer’s design 
reeving, for a load at the boom head, calculated in accor- 
dance with paragraph 7.1.8. 
d. Maximum load based on boom line reeving and wire rope 
design factors in accordance with paragraph 6.2. 
e. Maximum load based on boom pendant wire rope in ac- 
cordance with paragraph 6.2. 
f. 75% of maximum load based on boom hoist line pull 
available, considering line reeving losses with manufac- 
turer’s design reeving for boom line, calculated in accor- 
dance with paragraph 7.1.8. 

The published “load chart” rated !oad shall be reduced 
from the above calculated rated loads by the weight of the 
hook and block excluding the load hoist rope. 


3.1.3 Personnel Rated Load 


The rated load when handling personnel shail be the least 
of the following: 


a. 25 percent of the “category | design load.” 

b. Maximum load based on load fine reeving and wire rope 
design factors per 6.2. 

c. Maximum load based on load hoist fine pull available, 
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considering line reeving losses with manufacturer’s design 
rceving, for a load at the boom head, calculated in accor- 
dance with paragraph 7.1.8. 


The published “load chart” rated load shall be reduced 
from the above calculated rated loads by the weight of the 
hook and block exciuding the load hoist rope. The personnel 
net shall be considered part of the load. 


3.2 DYNAMIC COEFFICIENTS 


Dynamic coefficients for cranes mounted on bottom sup- 


ported or floating structures shall be determined by the crane 
manufacturer as follows: 


3.2.1 Bottom Supported Structures 


a. When the purchaser supplies the specific Significant 
Wave Height(s), H,;,, the associated dynamic coefficient (C,) 
shall be determined by the following equation: 


K YY 
C,=14+(V,+V) [5 ?; but not 


less than 1.33 
H,,, = Significant Wave Height, ft (m). It is intended 
that the purchaser provide to the manufacturer 
the Significant Wave Height(s) for which Dy- 
- namic Rated Load Charts are required. 


C, = Dynamic Coefficient—Bottom Supported Struc- 
ture 

V, = Absolute vertical velocity of the hook—ft/sec 
(m/sec) 

V, = Absolute vertical velocity of the cargo deck at 


the pick point—ft/sec (m/sec) See Appendix B 
(Commentary) 
V, = 0.6 H,,, for 0 < Hy, < 9.8 ft (3 m) 
or: 
V, = 1.8 + 0.3 (H,, -3) m/sec for H,,, > 3m 
V,= 5.9 + 0.3 (H,, -9.8) f/sec for H,, > 9.8 ft 

K = Vertical spring rate of the crane at the hook—lb/ft 

(N/m) 

g = Acceleration due to gravity 32.2 ft/sec? (9.81 
m/sec?) 

L = Lifted Load—lb (N) which is an unknown and 
therefore will require iteration to obtain C,. A 
good starting value for L is one-half the cate- 
gory 2 design load. 


b. Alternative deck velocities, offlead, and sidelead condi- 
tions may be specified by the purchaser in lieu of using those 
defined in 3.2.1.a. These should be site specific estimates 
based on dynamic operating conditions, seastate, etc. A dis- 
cussion of alternative methods to determine these variables is 
given in Appendix B. 

c. In the absence of a specified Significant Wave Height 
from the purchaser, offlead, sidelead, and wind forces shall 
be taken as zero, and the dynamic coefficient shall be taken 


as 2.0. 

This condition is considered appropriate only in situations 

where the supply boat position is maintained such that move- 
ments which would induce significant sidelead and offlead 
forces to the crane hoisting system are minimized. 
d. Unless otherwise agreed to by the purchaser, the crane 
should be equipped to provide a minimum available hook 
speed of V,,,, with the hook positioned at the supply boat 
deck when lifting the maximum rated dynamic load and 
reeved as specified in the load rating chart. 


Vin = 0.1 (Ayig + 1) m/sec 
Vin = 19.7 (0.304 H,,, + 1) ft/min but not less than 40 
ft/min (0.2 m/sec). 


For the effects of offlead, sidelead, and windspeed, see 
4.1.2.2. 


3.2.2 Floating Structures 


The purchaser shal! supply the specific crane operating 
conditions including offlead, sidelead, windspeed, and rela- 
tive vertical velocity of the cargo deck to the crane boom 
point for each desired rating condition. The dynamic coeffi- 
cient (C,) shall be determined by the following equation: 


K \, . 
Ca l+ (Vy + Vp) OL. ; but not 


less than 1.33 


C,= Dynamic Coefficient—Floating Structure 

V,,= Absolute vertical velocity of the hook—ft/sec 
(m/sec) 

V,= Relative vertical velocity of cargo deck at pick 
point to crane boom point—ft/sec (m/sec) See 
Appendix B (Commentary) 

K = Vertical spring rate at the hook—tb/ft (N/m) 

g= Acceleration due to gravity—32.2 ft/sec? (9.81 
m/sec?). 

L= Lifted Load—Ib (N), which is an unknown and 
therefore will require iteration to obtain C,. A 
good starting value for L is one-half of the cate- 
gory 2 design load. 


For the effects of offlead, sidelead, and windspeed, see 
paragraph 4.1.2.2. 


3.3 Load Rating Chart 


A substantial and durable rating chart(s) with clearly leg- 
ible letters and figures shall be provided with each crane se- 
curely fixed to the crane in a location easily visible to the 
operator. The chart(s) shall provide the following informa- 
tion: 

a. The manufacturer's approved load ratings, at operating 
radii not exceeding 5 ft (1.5 meter) increments, and corre- 


sponding boom angles down to horizontal for the specified 
boom length and jib length where applicable. 
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b. The basis of ratings shall be plainly stated and shall be in 
compliance with all applicable Sections of this specification. 
c. Reeving diagrams or charts (shown either on the chart or 
by chart reference to the specific crane’s operating manual) 
recommending the number of parts of fine for each load and 
the size and type of each Joad rope used on the crane. 

d. Precautionary or warning notes relative to limitations on 
equipment and operating procedures shall be provided. 


4 Structural Competence Established 
By Stress Analysis 


4.1 ANALYSIS 


All critical structural components (except as noted in 
4.1.3) shall be designed to conform with the allowable unit 
stresses specified in the Ninth Edition, of the AISC Specifi- 
cation for the Design, Fabrication and Erection of Structural 
Steel for Buildings', when subjected to dead load, plus the 
design and horizontal loads defined in 4.1.2. 

Pedestals and King Posts shall be designed for the maxi- 
mum of dead load plus 1.5 times category | design load or 
dead load plus 1.5 times category 2 design load including ef- 
fects of wind, sidelead, and offlead associated with these 
loads. 

For structural steels other than those listed in the AISC 
specification, compatibility with the AISC allowable unit 
stresses should be established and documented through dis- 
cussions with the AISC technical staff. 

Connecting joints (welded, pinned, or bolted) shall de- 
velop either the load carried by the connected members or 
the strength of the connected members based on AISC al- 
lowables, but in no case less than 50% of the tensile strength 
of the controlling member. Allowable shear stresses and 
width-to-thickness ratios shall be in accordance with the ap- 
plicable provisions of AISC. 


4.1.1 Application of Loads 


For purposes of analysis, vertical and horizontal loads 
shall be applied to the crane statically, assuming the crane 
level (a true vertical swing axis). For cranes mounted on 
floating structures the effect of pitch, heave and roll on the 
crane shall be translated into offlead and sidelead angles of 
the load line with respect to the crane boom. In this way, the 
ratio of horizontal sideload to vertical load is computed as 
the tangent of the sidelead angle, and similarly for the off- 
lead condition. 


4.1.2 Design Load 


During rating calculations for a known crane configura- 
tion, “design load” will be the basic unknown quantity to be 
determined. However, during the actual sizing of structural 


‘American Institute for Steel Construction, 400 North Michigan Avenue, 


Chicago, Il!. 60611 


components, the design loads can be stated in terms of de- 
sired rated loads as below: , 

a. For static conditions, the design load supported vertically 
from the boom point will be 1.33 times the desired static 
rated load and would be applied simultaneously with a hor- 
izontal side load equal to 2% of the vertical design load plus 
dead load. 

b. For dynamic conditions, the governing design load sup- 
ported vertically at the boom point will be the dynamic coef- 
ficient C, or C, (from 3.2) times the desired dynamic rated 
load. The controlling design load shall be applied with its 
corresponding horizontal loads plus dead load. 

For the boom, the governing design load will likely be 
dictated by the desired dynamic rated load (because of the 
horizontal loads), whereas the sizing of all other components 
will likely be governed by 1.33 times the desired static rated 
load. 

The design load applicable for static ratings (termed cate- 


gory 1) and for dynamic rating (termed category 2) shall be 
as follows: 


4.1.2.1 Category 1 Design Load 


This design load shall be the load which can be suspended 
vertically from the boom point simultaneously with 2.0% of 
this design load applied as a horizontal side load to the boom 
head sheave pin, plus dead load, without exceeding the AISC 
allowable unit stresses. 

It is important to point out that although the above Joads 
are applied simultaneously they are independent of each 
other, e.g., the vertically suspended design load (category | 
design load) does not include dead load. 


4.1.2.2 Category 2 Design Load 


This design load shall be the load which can be suspended 
vertically from the boom point simultaneously with the hor- 
izontal side load (defined below) and the horizontal forward 
load (defined below), both applied at the boom head sheave 
pin, plus dead load and wind load (defined below), without 
exceeding the AISC allowable unit stresses. The horizontal 
loads and wind loads corresponding to the category 2 design 
load, DL,, are: 


a. When the purchaser supplies the specific Significant 
Wave Height(s), H,,,, the offlead and sidelead forces shall be 
a function of H,;, as: 

The horizontal forward load at the boom tip, Wog, shall be: 


W.g= DL, (2.5 +15 H,,)/(H, + 8) sing] Newtons 
W.y= DL, (2.5 + 0.457 Hy,) / {0.305 (H, + B, 
sin #)} Pounds 


The horizontal side load at the boom tip, Wy, shall he: 


Wiia = W.g/ 2 but not less than 0.02 DL, 
B, = Boom Length 
¢ = Boom angle to horizontal 


10 AP} SpeciFicaTion 2C 


H, = Distance from boom heel pin to the supply boat 
deck 
b. When the purchaser supplies specitic offlead and sidelead 
angles, the offlead, W,,,, and sidelead, W,,4, forces shall be a 
function of the specified angles as: 
W., = DL, (100 [TAN (offlead angle)]] 
Wg = DL, (2 + 100 [TAN (sidelead angle)}} 


c. Wind load shall be computed using conventional pressure 
versus velocity formulas with appropriate shape co-efficients 
for the particular portion of the crane in question, as found in 
the literature.! Wind velocity shall be supplied by purchaser. 
Crane components whose load rating shall be checked for ef- 
fect by wind are the boom, gantry, swing mechanism (drive 
torque, and gear tooth loads), swing circle assembly, founda- 
tion bolts (or fastenings), and pedestal. Wind loads on the 
boom shall be applied as follows: 
1. Wind loads acting on the faces of the lifted load shall 
be added to the horizontal side load and forward load at 
the boom head as an added percentage of the vertical de- 
sign load. Each horizontal load (side and forward) shall 
be based on a minimum frontal area (exposed to wind) as- 
sumed to be one face of a cube whose volume is based on 
an assumed average specific weight of 200 Ib/ft} (31.4 
kN/m3) and whose total weight equals the vertical design 
load. Hence, the area of this face ft? (m2) can be defined as: 


(Vertical Design Load in tbs/200)" 3 
(Vertical Design Load in kN/31.4)”? 


Actual computed wind area may be used in lieu of the 
above. 


2: Wind loads on the boom, normal to the plane of the 
boom, can be converted to an equivalent horizontal side 
load (at the boom tip) which produces the same horizon- 
tal moment at the boom foot pin(s), if the design engineer 
so desires. 

3. Wind loads acting on the boom, parallel to the plane of 
the boom shall be converted into an equivalent distributed 
line load acting normal to the boom and adding to dead load 
bending. The component of wind load co-axial with the 
boom centerline may be neglected during boom analysis. 


4.1.3 Exceptions To Use of the AISC 
Specification 


Swing bearings, their bolt connections and foundation 
bolts in general are not to be analyzed in accordance with the 
AISC Specification. The specific design requirements of 
swing bearings and bolting are presented in Section 8. 


4.1.4 Fatigue 
In the absence of data on projected frequency and magni- 


‘For example: See API RP2A, January, 1982, paragraph 2,3.2c. 


tude of lifted loads during the expected life of the crane, ev- 
ery critical structural component of the crane shall be de- 
signed to withstand a minimum of 25,000 cyctes of its 
controlling design load and associated horizontal loads (as 
defined in 4.1.2) in accordance with the allowable fatigue 
stresses as given in Appendix B of the AISC Specification. 

Furthermore, the design engineer shall give due regard to 
hot spot stresses in the base metal adjacent to the toe of 
welds, especially those welds which constitute the main load 
path in transferring load and which rely on weld length 
rather than cross section, i.e., a “bottleneck” in flow of stress. 
This hot spot stress can be defined as that which would be 
measured by a strain gauge element adjacent to the toe of the 
weld after stable stress cycles are achieved (or shakedown) 
during prototype testing. Finite element analysis compatible 
with this definition may be used to calculate this stress, as 
well as appropriate empirical equations based on such anal- 
yses or test results. Fatigue curve X, from paragraph 2.5.3d 
of API RP 2A? shall be used to obtain an allowable stress 
compatible with this definition. 

If the purchaser supplies information on expected fre- 
quency and magnitude of lifted loads, the design engineer 
may use either Appendix B of the AISC Specification or the 
fatigue curves in Section 10 of AWS D1.1-80 as follows: 


a. to size structural components to meet fatigue require- 
ments during the design step, or 

b. to perform a fatigue analysis to estimate the expected fa- 
tigue life of an existing design based on the cyclic informa- 
tion provided by the purchaser. 


4.2 CERTIFICATION 


Purchaser shall have confidential access to manufacturer’s 
design calculations, associated drawings and other such per- 
tinent information necessary to assure compliance with this 
specification. The manufacturer shali certify that the crane 
furnished to this specification meets the material and dimen- 
sional specifications used in the calculations. 


5 Design Authentication and Testing 
5.1 DESIGN AUTHENTICATION 


Testing shall be used to verify the design method. The in- 
tent of this testing is to verify the overall design calculation 
procedure’s accuracy and completeness. This shall be ac- 
complished by performing either a strain gaged load test to 
1.33 times static rated load or by performing a “heavy lift” 
test to two times static rated load. The results of the test shall 
prove the design adequacy, either by review of measured 
stresses in the gaged test or by absence of measurable defor- 
mation, cracking, or damage in the heavy lift test. The man- 


2API RP 2A—“Recommended Practice for Planning, Designing, and Con- 
structing Fixed Offshore Platforms.” 
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ufacturer shall certify that a prototype! design or major struc- 
tural revision! to a design has been tested in accordance with 
one of the following: 


a. Resistance Type Strain Gauge Test. This test shall be per- 
formed with the crane subjected to 1.33 times the static rated 
load with a corresponding increase in side loading effects. 
Strain gages shall be placed in locations to verify that the 
uniform stress levels in the crane major components are as 
established in the design calculations. Strain gages shall also 
be placed in areas of peak stresses (transitions, connections, 
etc.) to verify that peak stress levels are acceptable. Deflec- 
tion of the boom due to sideload shall be measured and lim- 
ited to 24 inches per 100 feet of boom length. Test loads and 
boom lengths shall be selected to produce maximum stress 
levels in all critical structural components.? 

Care shall be taken to obtain the zero reference reading for 
the strain gages with near-zero stress levels in the com-po- 
nents. This is particularly critical in long boom lengths and 
other components where dead weight loading is significant. 
For long boom lengths, multiple support points will be pro- 
vided to minimize boom dead weight effects while zeroing 
the strain gages. The crane should be exercised by lifting 
loads prior to strain gaging to allow break-in of the com- 
ponents. 

Stresses in different parts of the crane structure shall be 
measured and evaluated to the following criteria: 

Uniform stress regions are areas of near-uniform stress 
where exceeding the yield strength will produce permanent 
deformation of the member as a whole. In uniform stress re- 
gions, a minimum strength margin of {.5 is required, where 
a strength margin is computed as the minimum specified 
member yield strength divided by the measured gauge stress. 

Small areas of high stress surrounded by larger areas of 
considerably lower stress where exceeding the yield strength 
will not produce permanent deformation of the member as a 
whole are peak stress regions. The peak stress location strain 
gages should have a minimum strength margin (minimum spec- 
ified yield strength divided by measured gauge stress) of 1.1. 

Groups of gages shall be placed in uniform stress regions 
of main members such that their stresses may be combined 
to determine the member primary axial and bending stress. 
These shall then be compared to design calculations to verify 
member stress levels are as predicted. Groups of gages shall 
typically be placed to verify boom primary axial and bending 
stress, gantry leg axial stress, and in any other region where 
primary axial and bending stress calculations were made 
during design. 

b. Heavy Lift Load Test. This test shall consist of lifting 2.0 
times the static rated load with a corresponding sideload 
equal to 4% of the static rated load. Test loads and boom 
iengths shall be selected to produce maximum stress levels 
in all critical structural components? Following the lifts, the 
crane shall be completely disassembled, including the swing 
circle assembly, and subjected to a complete fitness for pur- 


pose! evaluation? using an appropriate method of inspection 


(depending upon the component) chosen from the following: 
1. Dye penetrant 


2. Magnetic particle 

3. Radiographic 

4. Ultrasonic 

The acceptability criteria for this test shall be that no crit- 
ical components exhibit any yielding, buckling, indentations, 
or surface cracks. Special attention shall be given to bolted 
and welded connections. Measurements and inspections 
shali be made before and after the test to determine any dif- 
ferences in condition of critical components. An accompany- 
ing requirement of the test shall be that computed stresses 
under the test loads specified above shall not exceed AISC 
allowable unit stresses increased by '/;. 


5.2 CERTIFICATION 


Purchaser shall have confidential access to the manufac- 
turer’s documentation of the results of his selected method of 
testing. The manufacturer shall certify that the design of the 
crane furnished has been authenticated in accordance with 
this Specification. 


5.3 OPERATIONAL TESTS 


In addition to prototype test and quality controt measures 
established by this specification, each new production crane, 
at the option of the buyer, shall be tested by the manufacturer 
at his fabrication facility and witnessed by the purchaser or 
his designated representative. This test procedure, as agreed 
upon between buyer and manufacturer, is intended to verify 
safety systems as well as operational systems at rated capac- 
ity and full speed. Testing may include, but is not limited to, 
the following: 


1. Auxiliary and main line foad tests at various radii. 

2. Speed tests for main line, boom luff and swing. 

3. Swing and free swing tests. 

4. Overload test (1.33 times rated capacity), or as other- 
wise specified by buyer. 

5. Anti-two block tests. 

6. Upper and lower boom kick out tests. 

7. Engine functional tests. 


6 Critical Rigging Components 
6.1 GENERAL 


Suspension and hoist systems are comprised of certain 
rigging equipment. Components of rigging equipment that 
meet the critical component definition! shall be considered 
critical rigging components (see Appendix A examples) and 
shall comply with requirements of this section. 


'See 2 Definitions. 
2Reference Appendix A for example list of critical structural components 
3See 15.4 for example standards. 
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6.2 WIRE ROPE 


All wire rope used in hoist and suspension systems shall 
comply with the following requirements. 


6.2.1 Construction 


Wire rope shall be of a construction specified by the crane 
manufacturer for each wise rope service. The requirements 
of the latest edition of API Spec. 9A, “API Specification for 
Wire Rope”, shall be the minimum specification for wire 
rope to be employed on offshore cranes. Rotation resistant 
ropes and fiber core ropes shall not be used for boom hoist 
reeving. 


6.2.2 Inspection, Maintenance and Replacement 
(IMR) 


The crane manufacturer shall provide IMR procedures for 
all wire rope used in the crane. The procedures shall comply 
with the minimum criteria given in API RP 2D. Minimum 
IMR criteria for rotation resistant rope is given in B.5.4, Ap- 
pendix B. 


6.2.3 Wire Rope Load 


Wire rope load is defined as the maximum system force 
generated in the load hoists, boom hoist and suspension sys- 
tems by the effects of rated load, dead weight, offlead, wind 
and lifting geometry. 


6.2.4 Design Factors 


Wire rope design factors shall be determined by multiply- 
ing the single wire rope nominal breaking load by the num- 
ber of supporting ropes and dividing by the wire rope load. 
Wire rope design factors are intended to account for end con- 
nector efficiency and total reeving system efficiency of 80% 
or greater. Refer to B5.2 of Appendix B for other assump- 
tions underlying wire rope design factors. 


6.2.4.1. Hoist Systems 


The design factor of wire rope reeving used in load hoist 
and boom hoist systems shall not be less than 2.5 times C, 
(or C,) or 5.0, whichever is greater. 


6.2.4.2 Suspension Systems 


The design factor of standing wire rope used for boom 
pendants and other support systems shall not be less than 2.0 
times C, (or C,) 4.0, whichever is greater. 


6.2.4.3 Personne! Hoist System 


The design factor of load hoist wire rope when handling 
personnel! shall not be less than 10.0. 


6.3 WIRE ROPE END TERMINATIONS 


6.3.1 U-Bolt and Fist Grip Clips 


Extreme care shall be exercised to assure proper orienta- 
tion of U-Bolt Clips. The U-Bolt Segment shall be in contact 
with the wire rope dead end. The orientation, spacing, 
torquing, and number of all clips shall be in accordance with 
the crane manufacturer's specifications. 


6.3.2 Eye Splice 


Eye Splices shall have a minimum of three full tucks. 
Other details of eye splicing shall be specified by the crane 
manufacturer. 


6.3.3 Wedge Sockets 


Wedge Sockets shall be installed with the live-load-side of 
the wire rope in line with the wedge socket pin. Wire Rope 
Clips used in conjunction with wedge sockets shall be at- 
tached to the unloaded (dead) end of the rope as shown in 
Figure 4. Wedge Socket Assemblies shall withstand wire 
rope failure without permanent yield to wedge socket. 


6.3.4 Termination Efficiency 


Wire rope end terminations shall not reduce wire rope 
strength below 80% of the wire rope nominal breaking load. 


6.3.5 installation Procedure 


Detailed installation procedures for wire rope end termi- 
nation shall be specified by the crane manufacturer. 


6.4 SHEAVES 


All sheaves part of any crane hoist system shall comply 
with this specification. 


6.4.1.1. Sheave Pitch Diameter (D) to nominal wire rope 
diameter (d) ratio (D/d) shall not be less than 18, see Figure 3. 


6.4.1.2 Sheave Groove Contour shall be smooth and free 
from defects injurious to the wire rope. Groove surface finish 
shall be as indicated on the crane manufacturer’s drawing. 


6.4.1.3 Sheave Groove Angle shall taper outwardly and 
shall not be less than a 30° included angle. Groove flange 
corners shall be rounded. The rim concentricity and perpen- 
dicularity about the rotation axis shall be within tolerances 
stated on the crane manufacturer’s drawing. 


6.4.1.4 Sheave Groove Radius for wire rope support shall 
be sized for the specified wire rope diameter in accordance 
with Table 1. 


6.4.1.5 Sheave Bearings shall be individually lubricated 
through a separate passage. Permanently lubricated bearings 
are exempt from this requirement. 
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SHEAVE 
PIN 


ALADEARLY 


Figure 3—Sheave Dimension 


6.4.1.6 Sheave Guards. All sheaves including running 
blocks shall be provided with guards or other suitable de- 
vices to prevent the rope from coming out of the sheave 
groove. 


6.5 LOAD BLOCK ASSEMBLIES 
6.5.1 Hook Block 


The hook block the main hoist system load block used in 
main boom lifting. 


NOTE: SERVE LOOP TO LOAD 
LINE LOOSELY WITH WIRE. 


Table 1 
Nominal Wire Rope Groove Radius* Groove Radius* 
Diameter (in.) Min. Max. 

in mm in mm in mm 

4 6.5 134 3.40 .138 3.51 

5i16 8 .167 4.24 172 4.31 
4g 9.5 199 5.05 .206 5.23 
76 iT 232 5.89 241 6.12 
" 13 265 6.73 275 6.99 
16 14.5 298 7.57 .309 7.85 
S/s 16 331 8.41 344 8.74 
57) 19 398 10.11 413 10.49 
14g 22 464 11.79 481 12.22 
1 26 530 13.46 550 13.97 
Ia 29 596 15.14 619 15.72 
1% 32 663 16.84 688 17.48 
13/8 35 729 18.52 .156 19.20 
1/2 38 195 20.19 825 20.96 
15/g 42 861 21.87 894 22.71 
13/4 45 928 23.57 963 24.46 
17/8 48 994 25.25 1.031 26.19 
2 52 1.060 26.92 1.100 27.94 


*Groove radii per Wire Rope User's Manual Copyright 1993 


6.5.1.1. Sheave Bearings shall be sized to be suitable for 
the intended service.. 


6.5.1.2 Weight of the Hook Block shall be sufficient for 
the boom length and parts of line specified to prevent slack 
wire rope when the main hoist drum is unwinding at maxi- 
mum speed. 


6.5.1.3 Cast Iron Material shal} not be used to provide ad- 
ditional hook block weight. 


7 TIMES ROPE DIAMETER MINIMUM 


3 TIMES ROPE 
DIAMETER MAXIMUM 


Figure 4—Methods of Securing Dead End of Rope When Using Wedge Sockets 


6.5.2 Overhaul Ball Assembly 


The overhaul ball assembly is the single part auxiliary 
hoist system hook and weight assembly used in tip extension 
lifting. 
6.5.2.1. Weight of the Overhaul Ball Assembly shall be 
sufficient for the boom length to prevent slack wire rope 


when the auxiliary hoist drum is unwinding at maximum 
speed. 


6.5.2.2 Cast Iron Material is acceptable for use in the ball 
weight. 


6.5.3 Load Hook 


The load hook is a fitting incorporated in the hook block 
and overhaul ball to facilitate connection of the load to the 
hoist system. 


6.5.3.1. Hook Material shall be alloy steel and produced as 
a forging or casting. 


6.5.3.2 Fracture Toughness 


The fracture toughness of each heat of steel employed in 
the production of hooks shall be verified by Charpy impact 
testing in accordance with ASTM Specification E-23 to yield 
a minimum of 25 ft-lbs average on a set of three Charpy test 
bars with no single value less than 15 ft-lbs at (-)40°F 
(34 Joules average/20 Joules minimum:at (-) 40°C). 


6.5.3.3 Hooks shall be equipped with a latch to retain 
loose lifting gear under non-lifting conditions. The latch 
shall be lockable if the hook is to be used for transporting 
personnel. The latch is not intended to support the lifted 
load. 


6.5.4 Rating Label(s) with the Load Block maximum 
static and personnel rated loads, service temperature and 
assembly weight shall be permanently affixed to the hook 
block aad overhaul ball, as a minimum. The maximum 
dynamic rated load(s) may be added at the option of the 
purchaser. 


6.5.5 Load Block Loads are the maximum static, dynamic 
and personnel handling rated loads. 


6.5.6 Design Factors shall be determined by dividing the 
load block minimum plastic failure load by the correspond- 
ing load block loads. 


6.5.6.1 Static Rating 
Design Factor shall not be less than 4.0. 
6.5.6.2 Dynamic Rating 


Design Factor shall not be less than 3.0 times C, or C,. 
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6.5.6.3 Personnel Rating 


Design Factor shall not be Jess than 12.0. 


6.5.7 Design Verification 


A prototype design shall be tested to establish the validity 
of underlying design concepts, assumptions and analytical 
methods. 


6.5.7.1 Proof Load of two (2) times the static rating shall 
be applied without permanent deformation. 


6.5.7.2 Plastic Failure Load shall be contirmed by destruc- 
tive test. Differences between actual and minimum material 
properties shall be taken into account. 


7 Boom Hoist, Load Hoist and 
Telescoping Boom Mechanisms 


7.1 HOISTS 


Boom and load hoists shall be approved by the hoist man- 
ufacturer for personnel handling and shalt be so indicated on 
their nameplate. Hoists shall also conform to standards of 
performance and serviceability as set out below. 


7.1.1. Brakes 
7.1.1.1 Brakes and Ciutches 


Brakes and clutches shall be provided with adjustments, 
where necessary, to compensate for wear and to maintain ad- 
equate force on springs where used. 


7.1.1.2 Power Brakes 


When power operated brakes having no continuous me- 
chanical linkage between the actuating and braking means 
are used for controlling loads, an automatic means shall be 
provided to set the brake to prevent the load from falling in 
the event of loss of brake actuating power. 


7.1.1.3 Static Brakes 


Brakes shall be provided to hold the drum from rotating in 
the lowering direction and shall be capable of holding the 
rated load indefinitely without attention from the operator. 
Brakes shall be automatically applied upon return of the con- 
trol lever to its center (neutral) position. Brakes which are 
applied on stopped hoist drums shall have sufficient impact 
capacity to hold 1.5 times the rated torque of the hoist. 


7.1.1.4 Dynamic Braking 


Boom or foad lowering shal! be done only by engagement 
to the power train. Free fall lowering of the boom or load 
shall not be permitted. 
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a. Hoists designed to control descent of a load or boom ex- 
clusively through modulation of a friction device shall be 
able to operate continuously for one hour, raising and lower- 
ing the rated load at maximum design speed over a height of 
50 feet (15 metres). Dwell time between raising and lower- 
ing operations shall not exceed three seconds. Coolant flow 
will be maintained within limits specified by the hoist man- 
ufacturer. At the end of this test, the brake will have adequate 
capacity to smoothly stop 110% of rated load from the max- 
imum design speed in the lowering mode while lowering. 
b. Hoists designed to control descent of a load or boom by 
controlling the speed of the hoist drive input shall be capable 
of smoothly stopping !10% of rated load from maximum 
speed while lowering in the lowering mode without exceed- 
ing manufacturers specified temperature limits for any drive 
train components. 

Except as noted below, hoists shall be provided with a dy- 
namic friction braking system which shall actuate automat- 
ically in the event of a control or motive power loss to bring 
the hoist to a smooth stop. 

Hoists designed to control the descent of a load or boom 
by controlling flow from a fluid cylinder or from a fluid 
drive motor attached directly to the hoist shall not require dy- 
namic friction braking provided: 

1. The control device is connected directly to the lower- 
ing outlet port without the use of hoses, 

2. The control device requires positive pressure from the 

power source to release and actuates automatically in the 

event of a control or motive power loss to bring the hoist 
or cylinder to a smooth stop. 

3. The braking system is effective throughout the operat- 

ing temperature range of the working fluid. 


7.1.2 Drums 


a. All drum(s) shall provide a first layer rope pitch diameter 
of not less than 18 times the nominal rope diameter. See Fig- 
ure 5. The flange shall extend a minimum of '/2" (13 mm) 
over the top layer of rope at all times. 


13 mm (1/2 IN) MIN. Saath 


Figure 5—Hoist Drum 


b. Drum(s) shall have sufficient rope capacity with recom- 
mended rope size(s) to operate within the range of boom 
lengths, operating radii and vertical lifts as agreed to be- 


tween the manufacturer and the purchaser. 

c. No less than five full wraps of rope shall remain on the 
drum(s) in any operating condition. The drum end of the 
rope shall be anchored to the drum by an arrangement pro- 
vided by the crane manufacturer. 


7.1.3 Components 


Components shall be designed to minimize the likelihood 
of incorrect use or assembly. 


a. Otherwise interchangeable parts which differ only in ma- 
terial shall not be used. A single part, meeting all applica- 
tions, shall be used. 

b. All critical drive components shalt have unique spline, 
keying, or other arrangements to prevent improper installa- 
tion or interchange of parts. 

c. Where the above provisions cannot be met, parts in ques- 
tion shall be clearly marked and specific warnings on inter- 
changeability shall be included in the operating and 
maintenance manuals. 


7.1.4 Mounting 


Crane manufacturer shall be responsible for the design 
and testing of hoist foundations, and mounting of hoists as 
outlined below. 


a. Alignment of hoist components will be maintained within 
limits which shall prevent premature deterioration of gear 
teeth, bearings, splines, bushings, and any other parts of the 
hoist mechanism. Where alignment may be disturbed by dis- 
assembly, means for field alignment shall be provided. 

b. The hoist manufacturer shall provide a mounting proce- 
dure which shail prevent excessive distortion of the hoist 
base as it is attached to the mounting surface. Flatness of the 
mounting surface shall be held to tolerances specified by the 
hoist manufacturer. 

c. Distortion of the mounted hoist assembly under load shall 
not exceed limits specified by the hoist manufacturer. The 
hoist manufacturer shall establish a procedure for prototype 
testing and monitoring of distortion under test load. This 
testing shall be conducted for the maximum rated line pull 
throughout the recommended range of wire rope departure 
angles for the hoist. 

d. Attachment of the hoist to the structure shall be sized to 
resist at least 2.0 times the reactions induced at maximum at- 
tainable line pull. 


7.1.5 Lubrication and Cooling 


a. All hoists shall be equipped with means to check lubri- 
cant and coolant levels. This means shall be readily accessi- 
ble with wire rope in place and shall not require the use of 
special tools. Maximum and minimum levels shall be clearly 
indicated. 
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b. Hoists which use a circulating fluid for lubrication or 
cooling shall be provided with means to check the fluid level 
while in operation. 

c. Hoists which use a closed lubrication system shall have a 
(uid capacity of at least 120% of the manufacturer’s mini- 
inum recommended operating level. 


7.1.6 Comparative Power Ratings 


The manufacturer shall supply to the purchaser a “Com- 
parative Power Rating,” (CPR) for each hoist unit on the 
crane. The published CPR shall be the lesser of CPRs, CPR,, 
or CPR, as calculated below: 


a. Gearing. The CPR for Spur, Helical, and Herring Bone 
gears shall be determined using the formulae below based on 
American Gear Manufacturers Association (AGMA) Stan- 
dards: 220.02, August 1966, “Rating the Strength of Spur 
Gear Teeth”; 210.02, January 1965, “Surface Durability (Pit- 
ting) of Spur Gear Teeth”; and 211.02, February 1969, “Sur- 
face Durability (Pitting) of Helical and Herring Bone Gear 
Teeth.” 


Comparative Strength Power 


_ __ Ndky F541) 
CONE) se 126,000 x Ky K,, Pa 
(Metric) 
CPR, (kW) = _ NAR Fut) 
§37,000 x Ky K,, P, 


Comparative Durability Power 


N, FIC (s acy 
= oc 
CPRIAMP) = 176000C,€, \ C, 
(Metric) 
N,FIC, (SD GY 
= U v ac 
CPRAKW) = 337000 C, Cy ( C, ) 
Where: 


z 
il 


Pinion speed, at bare down single line pull and 
single line speed, RPM 
d = Pitch Diameter of pinion, inches (mm) 
K, = Dynamic factor, strength 
C, = Dynamic factor, durability 
F = Net face width of narrowest of the mating 
gears—inches (mm) 
K,, = Load distribution factor, strength 
K, = Strength service factor 
C,, = Load distribution factor, durability 
C, = Durability service factor 
C,, = Elastic coefficient 
C, = Hardness factor, durability 
J = Geometry factor, strength 
{ = Geometry factor, durability 


P, = Diametrical pitch, in. (mm) 
S = Allowable bending stress for material, PSI (MPa) 
S,. = Allowable contact stress number, durability 


The values of K,, C, K,» C,, C, J, 1, S,, and S,, can be de- 
termined using the tables and curves from the appropriate 
AGMA Specification. For this determination, 

Ky = 0.90 
Cy =0.50 


The remaining values will be the physical or operating 
characteristics pertaining to the gears. 
b. Bearings. The CPR for bearings shall be determined by 
the following formula 


S LP sua 
CPR,(4p) = ——— 
(hp) = 33,000 
S LP sean 
CPR, (k = —— 
eo 32,630 
Where: 
S = max rated line speed, at rated single line pull, 
FPM (m/min.) 
LP = Line pull to yield a 5000 hour B-10 bearing 
life—lb. (N) 


Note: S and LPsqq9 shall be for the same layer of rope on the drum. 


7.1.7 Flexible Splines and Other Coupling 
Arrangement Ratings 


Flexible splines and other coupling arrangements shall 
have a design life at rated load and maximum rated speed 
greater than the gear train and/or bearings when operating 
within the alignment limits of 7.1.4. 


7.1.8 Performance 


Boom and load wire rope hoist Jine pulls used for static, 
dynamic and personnel rated loads shall account for reeving 
system friction losses based on the following formulas. 


L=PNE 

2 i Y) 
KEN (K-1) 

L = Rated load 


P = Available hoist line pull with load at boom head 

N = Number of line parts supporting load 

E = Reeving system efficiency 

K = Bearing constant: 1.045 for bronze bushings; 1.02 
for roller bearings 

S = Total number of sheaves in traveling block and top 
block or boom point 


7.2 BOOM CONTROL 
7.2.1 Hoist Mechanism (Rope Drive) 


The boom hoist mechanism is the device to control the 
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elevation of the boom and to support the boom, as required 
below: 


a. The boom hoist mechanism shall be capable of elevating 
the boom from a minimum beom angle of 10 (ten) degrees 
below horizontal to the maximum recommended boom 
angle. 

b. The boom hoist mechanism shall be capable of elevating 
and controlling the boom and design load within recom- 
mended minimum and maximum boom angles. 

c. The boom hoist mechanism shall be capable of support- 
ing the boom and | 10% of design load within recommended 
minimum and maximum boom angles. 


7.2.2 Boom Control Cylinder 


A hydraulic cylinder or cylinders may be utilized to con- 
trol the elevation of the boom and support the boom as re- 
quired below: 


a. The cylinder(s) mechanism shall be capable of elevating 
the boom from a minimum of 0° to the maximum recom- 
mended boom angle. 

b. The boom cylinder(s) shall be capable of elevating and 
controlling the design load within recommended minimum 
and maximum boom angles. 

c. The boom cylinder(s) shall be capable of supporting the 
boom and 110% of design load within recommended mini- 
mum and maximum boom angles. 


7.2.3 Auxiliary Holding Device 


A holding mechanism shall be provided for boom support 
regardless of the type of drive. 


a. On rope boom support machines, a ratchet and pawl or 
other positive holding device shall be provided to prevent un- 
intentional lowering of the boom. 

b. For hydraulic cylinder boom support machines, a holding 
device (such as integrally mounted check valves) shall be 
provided to prevent uncontrolled lowering of the boom. 


7.3 TELESCOPING BOOM MECHANISMS 


A telescoping boom consists of a base boom from which 
one or more boom sections are telescoped for additional 
length. Extension and retraction may be accomplished 
through hydraulic mechanical, or other means. 


a. The powered retract function shail be capable of control- 
ling design load and capable of supporting 110% of design 
load within recommended minimum and maximum boom 
angle. 

b. The powered extend function is not required to extend un- 
der load unless otherwise specified by purchaser. 

c. A holding device (such as check valves) shall be provided 
with telescoping cylinder(s) to prevent uncontrolled move- 
ment of the cylinder(s). Hoses shall not be used between the 


cylinder(s) and the holding device(s). 


8 Swing Mechanism 
8.1 SWING MECHANISM 


The swing mechanism is the means to rotate the upper- 
structure of the machine. The swing mechanism shall be ca- 
pable of smooth starts and stops with controllable rates of 
acceleration and deceleration as required below: 


a. Parking Brake. A brake with holding power in both direc- 
tions, to restrain movement of the upperstructure but not to 
retard the rotation motion of the upperstructure during oper- 
ation shall be provided. This brake shall be controllable by 
the operator, at his station. The brake shall be capable of re- 
maining in the engaged position without the attention of the 
operator. 

b. Automatic Parking Brake. If the swing brake is of the au- 
tomatic type, return of the swing control lever to neutral, 
shall not engage the brake in a manner to abruptly arrest the 
swing motion. An automatic swing brake that is incapable of 
controlled deceleration shall not be used. 

c. Dynamic Friction Brake. A dynamic friction brake to 
stop, hold or retard the rotation motion of the upperstructure 
may be provided. When provided, it shall be controllable by 
the operator at his station. It may also satisfy the require- 
ments of 8.la. 

d. Design Swing Moment. The swing mechanism shall be 
designed with sufficient strength and capacity to rotate the 
upperstructure for all rated load, radii, and boom lengths. In 
the absence of information from the purchaser, the swing 
mechanism shall be designed to rotate the upperstructure and 
rated load with a '/, degree tilt and a 30 mile per hour (48 
kilometer per hour) wind applied to the upperstructure, 
boom, and an equivalent rated load area as calculated by the 
formula in 4.1.2.2.c.1. The tilt and the wind shall be applied 
concurrently in such a manner to maximize the required de- 
sign swing moment (both opposing the rotation direction). 
Wind loading shall be calculated in the same manner as used 
in 4.1.2.2.c. 


8.2 SWING LOCK 


A mechanical device (not dependent on friction) for pos- 
itively locking the upperstructure in one or more fixed posi- 
tions, may be provided. When provided, it shall be 
constructed to withstand maximum swing torque developed 
by the swing mechanism, prevent accidental engagement or 
disengagement, and shall be controllable by the operator at 
his station. 


8.3 SWING CIRCLE ASSEMBLY 


The swing circle assembly is the connecting component 
between the crane revolving upperstructure and the pedestal. 
This component allows crane rotation and sustains the mo- 
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ment, radial, and axial loads imposed by crane operation. 
The swing circle assembly may be a roller bearing, bal! bear- 
ing or hook roller design as shown in Fig. 6 and 7, or king 
post design as shown in Figure !. The swing circle assembly 
shall conform to the following specifications: 


BEARING RACEWAY 


Siac 


BEARING SING AOLLING ELEMENTS 


Figure 6—Typical Hook Roller Assembly 


ROLLING ELEMENTS 


BEARING RACEWAY’ 


Figure 7—Typical Swing Bearing Cross Sections 


8.3.1 Design 


The factors to be used in determining the adequacy of the 
swing circle assembly shall include: 


a. Design Service Factor. The combination of the following 
basic static loads shall be calculated using the maximum of 
the category | or 2 design load condition plus dead load. 

1. Overturning Moment 

2. Axial 

3. Radial 

These loads may occur simultaneously and result in the 
maximum stress in the swing circle assembly. Modification 
of ratings for dynamic effects are covered in 3.1.2 and will 
not increase swing circle design loads. 
b. Swing Circle Life. Members subjected to repeated stress 
cycles shall be designed for adequate resistance to structural 
fatigue degradation. The calculated fatigue life of the assem- 
bly shall be substantially in excess of the rolling contact 
wear (B10) life as defined by ANSI/AFBMA rolling contact 
fatigue B3.15-1972, Revised 1978 for ball bearings, or 
ANSI/AFBMA Standard B3.16-1972, Revised 1978 for 
rofler bearings or International Standard ISO-281/1-1977, as 
applicable. 
c. Working Environment. Anti-friction bearings shall be 
sealed from foreign and marine environmental contamina- 
tion. 
d. Ultimate Strength Design Criteria. The design criteria of 
the swing circle assembly! including fasteners shall be that 
the maximum calculated stress is equal or less than the min- 
imum specified ultimate tensile strength of the material with 


the dead load plus 3.75 times the maximum of the category 
1 or 2 design load conditions including effects of wind, side- 
lead, and offlead associated with these loads. 

The load, due to external loading, on the most heavily 
loaded swing bearer fastener shall be calculated by: 


Where: 


M = Moment calculated with dead load + 3.75 times 
category | design load—lb-ft (N-m) 

H = Dead Axial Load + 3.75 times category | design 
load—lIbs (N) 

D = Pitch Circle Dia. of Fasteners—ft (m) 

N = Number of Fasteners 


8.3.2 Material Properties 


The steels employed in the manufacture of the swing cir- 
cle assembly shall be selected, tested, and verified adequate 
to support the design loads of the crane. 

a, Bearing Steels. Steels for rolling elements shall be pro- 
duced to the minimum requirements of ASTM specification 
A295. Steels for bearing rings shall be selected to produce 
the desired properties in the finished ring. Cleanliness of 
bearing ring steels shall conform to the requirements of 
ASTM Specification E45, Method A, to the following limits: 


Inclusion 

Category A B Cc D 
Thin Series 2/2 2"/2 2'/2 2 
Thick Series '/2 "fp 2 Wh 


Alternate materials of satisfactory properties shall be 
employed in the design of King Post and Hook Rotter 
assemblies. 

b. Heat Treatment—Bearing Raceways. The manufacturer 
of the swing circle assembly shall verify adequacy of the me- 
chanical properties of the case and core of the raceways by 
performing destructive testing on the material (taken from rep- 
resentative configurations) for each prototype swing circle de- 
sign. A report of the material tests shall be compiled indicating 
the measured values and comparison with the required design 
analysis. It shall be the responsibility of the crane manufacturer 
to review the bearing manufacturer’s design assumption and 
material test data to assure each bearing to be employed on a 
crane complies with these requirements. 

c. Fracture Toughness—Bearing Raceways. The fracture 
toughness of each heat of steel to be employed in the produc- 
tion of raceways for swing bearings employed as the sole 
means of restraining separation of the pedestal and the crane 
shall be verified by Charpy impact testing in accordance with 
ASTM Specification E-23, Notched Bar Impact Testing of 
Metallic Materials, to yield a minimum of 31 ft-lbs average 
on a set of three Charpy test bars with no single value less 


‘An exception is the Kingpost design which is treated as a connective ele- 


ment in 4.1. 
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than 20 ft-lb at minus 4°F (42 Joules average/27 Joules min- 
imum at minus 20°C). Tests shall be conducted on a sample 
of the same cross sectional dimensions as the actual ring af- 
ter heat treatment and shall exhibit the core hardness re- 
quired of the finished part. Tests shall be conducted on a 
sample with the same degree of forming reduction and heat 
treatment as the ring forging. The length of the test bar shall 
be oriented parallel to the circumference of the ring. The test 
specimen shall be removed from the sample at a depth as 
near as possible to the area of the final ring configuration 
subjected to maximum calculated stress as in 8.3.1. 

d. Welding. All welding on races for the attachment of the 
bearings to the pedestal or upper frame shall be performed in 
accordance with the bearing manufacturer’s recommended 
procedures and shall exhibit fracture toughness equivalent to 
the race base metal. All bearings to be attached to the struc- 
ture by welding shall be provided with a transition piece of 
weldable steel. The weld between the hardenable steel and 
the transition piece shall be subjected to stress relief heat 
treatment at a temperature not to exceed the tempering tem- 
perature employed in the heat treatment of the race. 


8.3.3. Mounting and Maintenance 


a. Surface Flatness and Finish. The flatness and surface fin- 
ish requirements specified by the swing circle assembly 
manufacturer shall be maintained for both the revolving up- 
perstructure/bearing and pedestal/bearing mating surfaces. 
b. Pedestal Deflection. The maximum deflection of loaded 
conditions shall be within the limits specified by the swing 
bearing manufacturer. 
c. Swing Circle Assembly Clearance. If the swing circle 
assembly is a ball or roller bearing, clearances permitted be- 
fore the bearing must be replaced and an approved method of 
measuring such clearances shall be specified in the crane 
manual. 
d. Roller Path Deflection. If the swing bearing assembly is a 
hook roller arrangement, the assembly shall be adjustable to 
take up clearance. Allowable clearances and method of ad- 
justment shall be specified in the crane manual. 
e. Mounting details. The crane manufacturer shall provide 
the following information: 

1. Swing circle assembly mounting dimensions. 

2. Max. overturning moment with corresponding axial 

and radial load at the crane/pedestal interface. 

3. Max. axial load with corresponding overturning mo- 

ment and radial load at the crane/pedestal interface. 

Moments and axial load shall be calculated with the dead 
load plus 2.0 times the static rated load. 


8.3.4 Threaded Fasteners 


Threaded fasteners used to connect the swing circle as- 
sembly to the pedestal or upperstructure shall conform to the 
following requirements. 


a. Bolt Spacing. Connecting bolts shall be equally spaced 
over the 360° mounting circumference. One bolt may be 
omitted for assembly of swing bearing. The crane manufac- 
turer may, at his option, use unequal bolt spacing if structural 
analysis or prototype crane strain gauge instrumented testing 
is performed to insure the integrity of the bolted connection. 
b. Fatigue Life. The fatigue life of threaded connections 
shall be determined by calculation. Calculations shall be 
made available to the swing circle assembly purchaser. 

c. Material Properties. The material used in threaded fasten- 
ers shall meet requirements of 13.5. 

d. Prestress Levels. Fasteners shall be pre-stressed to a level 
which will preclude relief of preload in the most heavily 
loaded fastener under any Category | design load. 

e. Fasteners Markings. Only fasteners permanently marked 
with fastener manufacturer's identification mark and SAE, 
ASTM or ISO grade identifying markings shall be used. 

f. Rotation Restraints. Fasteners which are not accessible 
for inspection shall be positively restrained from rotation by 
non-permanent means. 


9 Power Plant 
9.1 GENERAL 


The power plant is the prime mover and its auxiliary sys- 
tems, including the power take-off means and starting 
system. 


a. Gasoline engines as prime movers are not permitted. 
b. Pneumatic prime movers or auxiliary systems which use 
flammable gas as the fluid power medium are not permitted. 


9.2 EXHAUST SYSTEMS (internal combustion 
prime movers) 


a. Engine exhausts shall be equipped with a spark arresting 
type silencer. 

b. Exhaust gases shall be piped to the outside of the engine 
enclosure and discharged in a direction away from the 
operator. 

c. All exhaust systems shall be guarded in areas where con- 
tact by personnel in the performance of their normal duties is 
possible. 


9.3 FUEL TANKS 


a. Fuel tanks shall be equipped with filler necks and caps 
designed to prevent fuel contamination from external 
sources. Removable caps, where fitted, shall be securely 
tethered to the filler. 

b. Drains shall be provided on all fuel tanks. Drains shall be 
located to drain the tank below the level of the fuel pick-up. 


9.4 HAZARDOUS AREA CLASSIFICATIONS 


Power plants installed in areas classified as hazardous by 
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API RP 500B “Classification of Areas for Electrical Instal- 
lations at Drilling Rigs and Production Facilities” shall meet 
the Recommended Practice and the National Electric Code 
(NEC) as it pertains to elimination of ignition sources in 
classified areas. 

The purchaser shall specify to the manufacturer the clas- 
sification of the area in which the crane is to be installed. The 
classification shall consider temporary uses of the area as 
well as permanently installed equipment. 


9.5 ISOLATION OF IGNITION SOURCES AND 
HEATED SURFACES 


Isolation of Ignition Sources and Heated Surfaces shall be 
in accordance with API RP L4C, latest revision, where 
applicable. 


9.6 DIESEL AIR INTAKE 


Unless otherwise specified by the buyer, diesel engines 
shall be equipped with a device to shut off intake air in the 
event of runaway!. 


10 Controls 
10.1 GENERAL 


Controls shall be in accordance with the following 
requirements: 


a. All controls used during the normal crane operating cycle 
shall be located within easy reach of the operator while at the 
operator's station. 

b. Control levers for boom hoist, load hoist, swing and 
boom telescope (when applicable) shall return automatically 
to their center (neutral) positions on release. 

c. Control operations and functions shall be clearly marked 
and easily visible from the operator station. This can be 
eithér by marking each control or by a control arrangement 
diagram. 

d. Provisions shall be made for emergency stop of the crane 
opérations by the operator at his control station. 

e. Foot-operated pedals, where provided, shall be con- 
structed so the operators feet will not readily slip off. 


10.2 CONTROL FORCES AND MOVEMENTS 


When controls and corresponding controlled elements are 
properly maintained, adjusted, and operated within the man- 
ufacturer’s recommendations, the forces and movements re- 
quired to operate the crane within its rated limits shall not 
exceed the following: 

a. Hand Levers—20 pounds (89 N) and 28 inches (350 mm) 
total travel. 
b. Foot Pedals—25 pounds (11 1 N) and 10 inches (250 mm) 
total travel. 


IReference 30 CFR 250 Subparts E and F. 


10.3 POWER PLANT CONTROLS (POWER ON 
BOARD) 


Controls for normally operating power plants mounted on 
the crane revolving structure shall be within easy reach of the 
operator and shall include means to: 


a. Start and stop. 

b. Control speed of internal combustion engines. 
c. Stop prime mover under emergency conditions. 
d. Shift selective transmissions. 


10.4 POWER PLANT CONTROLS (REMOTE- 
POWERED) 


Controls for operating the power plant shall be conve- 
niently located on the remote-power package and shall in- 
clude the same provisions as paragraph 10.3. 


10.5 ENGINE CLUTCH 


All cranes with a direct mechanical drive to any crane 
function shall be provided with a clutch or other effective 
means for disengaging power. The clutch control shall be 
within easy reach from the operator’s station. 


10.6 CRANE CONTROLS—BASIC FOUR LEVER 
OPERATING ARRANGEMENT 


This section applies to conventional four lever operating 
crane controls. It should not be construed to limit the use of, 
or to apply to combination controls, automatic controls, or 
any other special operating control equipment. 


a. The arrangement of the basic controls shall be as shown 
in the application diagrams, Figure 8. Controls shown are 
levers for hand operation. 

b. Controls for all other functions, such as auxiliary drums 
and throttles, shall be positioned to avoid operator confusion 
and physical interference. Nothing in this specification pre- 
cludes the use of additional controls subject to the foregoing 
requirements. 

c. All basic controls shall operate as specified in the control 
diagram, Figure 8 and function chart, Table 2. 


10.7 CRANE CONTROLS—BASIC TWO LEVER 
OPERATING ARRANGEMENT 


This section applies to conventional two lever operating 
crane controls. It should not be construed as to limit the use 
of, or apply to combination controls, automatic controls, or 
any other special operating control equipment. 


a. The arrangement shall be as shown in Figures 9 or 10. 
Controls shown are levers for hand operation. 

b. Controls for all other functions shall be positioned to 
avoid operator confusion and physical interference. Nothing 
in this specification precludes the use of additional controls 
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BASIC FOUR-LEVER CRANE CONTROL DIAGRAM 
(VIEWED FROM OPERATOR'S SEAT) 


SWING HOIST HOIST 
BOOM CONTROL CONTROL BOOM 
CONTROL SECONDARY PRIMARY CONTROL 


CONTROL 


ss 
c] RETRACT 


.. Ne . ‘. 


Figure 8 
Table 2—Four Lever Crane Control Function 
Control Operation 
1. Swing Contral Push forward to swing toward boom, swinging left for right side operator position or swinging right for teft side 
operator position. Center (neutral) to free swing. Pull back to swing away from boom. 
2. Auxiliary Hoist Pull rearward to hoist. 
Control (Auxiliary) Center (Neutral) to hold load. 
Push forward to lower. 
3. Main Hoist Control Pull rearward to hoist. 
Center (Neutral) to hold Joad. 
Push forward to lower. 
4. Boom Hoist Control Pull rearward to raise boom. 
Center (neutral) to hold boom position. 
Push forward to Jower boom. 
5. Boom Telescope* Pull rearward to retract. 
(More than one lever Center (neutral) position to hold length. 
may be provided) Push forward to extend. 


*Where applicable 


BASIC TWO-LEVER CRANE CONTROL DIAGRAM 
ped (VIEWED FROM OPERATOR'S SEAT) 
geo! Matig SECONDARY 
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Figure 9 
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Table 3—Two Lever Crane Control Function 


Control Operation 


Swing Control Push to the left to swing left. 
Center (neutral) to free swing. 
Push to the right to reverse action or to swing right. 


Auxiliary Hoist Pull rearward to hoist. 
Center (neutral) to hold load. 
Push forward to lower. 


Boom Controf Pull rearward to raise boom. 
Center (neutral) to hold boom position. 
Push forward to lower boom. 


Main Hoist Push to the Jeft to hoist. 
Center (neutral) to hold load. 
Push to the right to lower. 


Boom telescope* , Pull rearward to retract. 
(More than one tever may be provided) Center (neutral) to hold length. 
Push forward to extend. 


*If applicable 


BASIC TWO-LEVER CRANE CONTROL DIAGRAM 
(VIEWED FROM OPERATOR'S SEAT) 
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Figure 10 


Table 4—Two Lever Crane Control Function 


Control Operation 


Swing Control Push to the left to swing left. 
Center (neutral) to free swing. 
Push to the right to reverse action or to swing right. 


Auxiliary Hoist* Pull rearward to hoist. 

Main Hoist* Center (neutral) to hold load. 
Push forward to lower. 

Boom Controt Pull rearward to raise boom. 


Center (neutral) to hold boom position. 
Push forward to lower boom. 


*When separate main and whip hoists are provided, a selector switch for either may be fitted adjacent to the right 
hand control lever, The selection of “auxiliary” or “main” shall be possible only when both levers are in their 


neutral position. 
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subject to the recommendations herein. 
c. All basic controls shall operate as specified in the control 
diagrams, Figures 9 or 10 and function charts, Table 3 or 4. 


11. Cabs and Enclosures 
11.1 GENERAL 


Insofar as practical, all cabs and enclosures shall be con- 
structed to protect the upperstructure machinery, brakes and 
clutches and the operator’s station from the weather. 

Cranes which do not have cabs or enclosures to protect the 
operator, upperstructure machinery, brakes and clutches shall 
be adequately protected from the corrosive influence of the 
seaborn environment. 


11.22 WINDOWS 


All windows shall be of safety glass or equivalent. Win- 
dows shall be provided in the front and both sides of the op- 
erator’s cab for visibility forward and to either side. 
Visibility forward shall include a vertical range adequate to 
cover the boom point and load at all times. The front window 
may have a section which can be readily removed or held 
open if desired. If the section is removable, storage space 
shall be provided. If the section is of the type held in the open 
position, it shall be secured to prevent inadvertent closure. 


11.3 DOORS 


All cab or enclosure doors, whether of sliding or swinging 
type, shall be adequately restrained from inadvertent opening 
or closing while the machine is in operation. The door adja- 
cent to the operator, if of the sliding type, shall slide rear- 
ward to open and, if the swinging type, shall open outward. 
A clear passageway shall be provided to the exit door nearest 
the operator's station. 


11.4 CAB ACCESS 


Suitable hand holds or steps shall be provided for access 
to and exit from the operator’s cab or enclosure. Hand holds 
shall be provided in accordance with ANSI Specification 
A12.1. 


11.5 PLATFORMS AND WALKWAYS 


Principle walking surfaces shall be an anti-skid type. Out- 
side platforms, if furnished, shall be provided with guard 
rails in accordance with ANSI Specification A12.1. Two in- 
termediate railings shall be provided in locations where toe 
boards are not required. All walkways and platforms shall 
have a minimum width of 30 inches (760 mm), unless other- 
wise specified by the buyer. 


11.6 RIGGING ACCESS 


Where necessary for rigging or service requirements, a 


ladder or steps shall be provided to give access and shall con- 
form to the requirements of ANSI Specification Al4.3 
“Safety Code for Fixed Ladders.” Where necessary, areas of 
cab roof or enclosure shall be capable of supporting without 
permanent deformation, the weight of a 200-pound (90 kg) 
person. 


11.7. NOISE LEVEL 


Unless otherwise specified by the purchaser, sound levels 
at the operator’s station shall not exceed those set out below: 


a. 90 dB(A) (Slow Response) measured with the prime 
mover at low idle and the crane controls in neutral position. 
b. 95 dB(A) (Slow Response) measured with the crane op- 
erating at full throttle and full rated load of the rotating 
machinery. 


For the purpose of this Specification, sound level tests 
shall be conducted on a prototype crane in accordance with 
applicable sections of SAE Recommended Practice J919b, 
dated 1976, at the manufacturer’s test facility. 

When specifying noise level requirements, the purchaser 
shall consider: the type facility, i.e., manned or unmanned 
structure; expected crane duty cycle; and background noise 
levels. 


12 Miscellaneous Requirements & 
Equipment 


12.1 BOOM EQUIPMENT 


a. A boom hoist limiter or shutoff shall be provided to auto- 
matically stop the boom hoist when the boom reaches a pre- 
determined high angle. A low angle limiter or shutoff may 
also be provided as optional equipment. , 
b. Boom stops shall be provided to resist the boom falling 
backwards in a high wind or sudden release of the load. De- 
signs for boom stops include: 

!. A fixed or telescoping bumper. 

2. A shock absorbing bumper. 

3. Hydraulic boom elevation cylinder(s). 
c. Booms, boom sections and auxiliary tips shall be perma- 
nently identified. 
d. Auxiliary tips shall be restrained from backward over- 
turning. 
e. A boom angle or load radius indicator readable from the 
operators station shall be provided. 
f. A boom length indicator readable from the operators sta- 
tion shall be provided for telescoping booms, unless the load 
rating is independent of the load radius. 
g. A load indicating or a Joad moment device may be pro- 
vided as optional equipment. 


12.2 GUARDS FOR MOVING PARTS 


a. Exposed moving parts such as gears, set screws, project- 
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ing keys, chains, chain sprockets, and reciprocating or rotat- 
ing parts which may constitute a hazard under normal oper- 
ating conditions shall be guarded. 

b. Guards shall be securely fastened and shall be capable of 
supporting, without permanent deformation, the weight of a 
200-pound (90 kg) person unless the guard is located where 
it is impossible to step on it. 

c. If a guard is impractical, it is the responsibility of the 
manufacturer to warn by means of an appropriate sign. This 
sign should be designed and installed in accordance with 
SAE Recommended Practice J115, “Safety Signs for Con- 
struction Equipment” consistent with physical limitations on 
size and location. 


12.3 CLUTCH AND BRAKE PROTECTION 


All friction brakes and clutches shall be provided with 


rain guards. Pins, shafts, and bolts in clutch and brake link- . 


ages shall be corrosion resistant. 


12.4 LUBRICATING POINTS AND FLUID FILLS 


Lubricating points on all parts shall be accessible without 
the necessity for removing guards or other parts. Fluid fill 
points (fuel, coolant, hydraulic fluid, etc.) shall be located in 
areas that are easily accessible and will not collect fluid 
spills. 


a. Fluid level indicators should follow the guidelines set 
forth in SAE Recommended Practice J48, “Guidelines for 
Fluid Level Indicators.” 

b. Lubrication charts shall be furnished by the manufacturer. 
For preferred symbols and color codes for fluid fills, see 
SAE Recommended Practice J223, “Symbols and Color 
Codes for Maintenance Instructions, Container and Filler 
Identification.” 


12.5 HYDRAULIC AND PNEUMATIC. LINE 
PROTECTION Sal os 


Exposed lines subject to damage shall be protected as far 


as practical. 


12.6 ANTI-TWO BLOCK 


Means shall be provided to protect hoist ropes, structural 
components and machinery from damage which may occur 
when two sheave groups (e.g., load block and boom head) 
come into contact as the hoist cable is drawn in. A control 
override device or proximity warning device may be used. 
Stalling of the hoist drum is acceptable where damage or loss 
of control would not result. 


12.7 EMERGENCY LOAD LOWERING 


Unless otherwise specified by the purchaser, at least one 
hoist drum shall be provided with a means of lowering in the 


event of power failure or control system failures. Means shail 
provide controlled lowering and stopping of the drum under 
all load conditions. The controls shall be arranged in a man- 
ner that will prevent inadvertent engagement. An alternate 
power source independent of the crane may be used. An in- 
struction plate shall be provided at the operator’s station. 


12.8 MISCELLANEOUS EQUIPMENT 


a. Tool Box. A tool box may be provided for storing tools 
and lubricating equipment. If provided, it shall be secured 
permanently to the crane. 
b. Hydraulic Circuit Pressures. Means shall be provided for 
checking manufacturers specified pressure settings in each 
hydraulic circuit. 
c. Hazardous Area Classifications. Electrical components 
on the crane or remote power plant in areas classified as haz- 
ardous by API RP 500B “Classification of Areas for Electri- 
cal Installations on Drilling Rigs and Production Facilities” 
shall meet the requirements of the National Electric Code 
(NEC) as it pertains to elimination of ignition sources in 
classified areas. Components on the boom shall be rated for 
the most hazardous area which can be accessed by the boom. 
The purchaser shall specify to the manufacturer the clas- 
sification of the area in which the crane will be installed. The 
classification will consider temporary uses of the area as well 
as permanently installed equipment. 
d. Audible Warning Device. When specified by the pur- 
chaser, an audible signal device shall be provided. The con- 
trol(s) for the device shall be within easy reach of the 
operator. 
e. Spillage Containment. Aff machinery areas which are 
subject to liquid leakage shall be provided with a contain- 
ment system. The containment area (well) shall have a min- 
imum lip height of 2 inches (50 mm) and shall be provided 


with a means for draining. 


13 Material Requirements for Structural 
Components 


13.1 MATERIALS 


Materials to be employed in the manufacture and fabrica- 
tion of all critical components of the crane shall comply with 
the manufacturer's design requirement for strength and frac- 
ture toughness. 


a. Metals. The design requirement shall define the following 
properties of metallic materials: 
Chemical Composition Limits 
Heat Treatment Condition 
Mechanical Property Limits 
a. Yield Strength 
b. Tensile Strength 
c. Elongation 
d. Fracture Toughness and ductility 
b. Testing. The design requirement specifications shall detail 
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the methods of testing to verify the specified properties are 
present in the component in the as-manufactured or as-fabri- 
cated condition. To the maximum extent possible, all mate- 
rials shall be purchased to specifications of recognized 
standardization organization such as ASTM, AISI (Ameri- 
can Iron & Steel Institute), SAE, API, etc. 

c. Wire Rope. Requirements for wire rope are in Section 6. 


13.2 TRACEABILITY 


Traceability of materials for critical components and parts 
shall be achieved through a systematic program of serializa- 
tion and identification indexed to process, inspection, and 
test records of controlled manufacturing procedures. The 
manufacturing procedures shall be in sufficient written detail 
to permit duplication of the original processing at any time 
within the record retention period specified herein. Docu- 
mentation of material origins shall be that of the basic pro- 
ducer in lieu of certifications prepared by third party material 
suppliers. In the absence of supporting documentation, ma- 
terials shall not be employed in fabrication until the manu- 
facturer conducts or has conducted tests and examinations to 
verify compliance with design requirements. Critical struc- 
tural components shall not be produced from materials 
which lack supporting documentation to verify the properties 
are as specified in the design and manufacturing specifica- 
tions. 


13.3. FRACTURE TOUGHNESS 


All critical components of the crane shall exhibit Charpy 
impact energy values assuring the transition from brittle-to- 
ductile fracture is at least 10°F (6°C) below the lowest antic- 
ipated service temperature. Other appropriate fracture con- 
trol plans considering toughness, allowable flaw size, and 
inspection requirements may be employed if desired. If a fit- 
ness-for-purpose criteria is employed, the details of the anal- 
ysis shall be documented for examination, upon request, by 
the API and/or the user. The design service temperature shall 
be indicated on the nameplate. 


13.4 CASTINGS 


a. Prototype Castings. The validity of the casting procedure 
for all critical component castings shall be verified by con- 
ducting examinations and tests on the first lot cast and/or 
each change in pattern design or pouring practice. Destruc- 
tive testing and/or radiographic examinations supplemented 
by other nondestructive examinations are considered appro- 
priate for this purpose. If radiography is employed, the 
source of radiation for examination of casting sections less 
than two inches (50.8 mm) in thickness shall be from an X- 
ray generator or from Iridium 192 isotopes. The prototype 
evaluation shall demonstrate the ability of the casting proce- 
dure to consistently produce critical component casting 
soundness not less than the radiography standards of Table 5. 
b. Production Castings. The method of nondestructive ex- 
amination and the acceptance criteria for examination of the 
critical component production castings shall be established 
by the manufacturer from consideration of material proper- 
ties, environmental exposure, and stress level(s) in critical ar- 
eas of the casting. The extent of the examination shall be 
adequate to assure castings possess soundness adequate for the 
intended purpose; i.e., examine all critically stressed areas. 

c. Thermal Treatment. All castings for critical components 
shall be subjected to a normalize and temper, quench and 
temper, or stress relief heat treatment after shake-out and 
cooling to ambient temperature. The tempering and stress re- 
lief temperatures employed shall be appropriate to the alloy 
content and strength level required of the component, but 
shall not be less than 1100°F (593°C ). 


13.5 BOLTING 


Threaded fasteners subject to static and/or dynamic tensile 
loading (other than preload) employed in joining of critical 
components of the crane shall meet the requirements of 
ASTM A320. The specific grade of material shall be se- 
lected to meet strength requirements, fracture toughness, and 
corrosion resistance of the service environment!. Where bolt- 
ing of higher strengths than permitted by ASTM A320 is de- 
sired to be employed, the materials shall meet the 


1See Commentary. 


Table 5—Acceptance Criteria Based on ASTM Radiographic Standards 
(Maximum Acceptable Severity Levels) 


Type of 

Discontinuity ASTM E446 

Category A Severity Level 3 

(Gas Porosity) 

Category B Severity Level 2 

(Sand and Slag) 

Category C Type CA, Level 2 

(Shrinkage) Type CB, Level 2 
Type CC, Level t 
Type CD, Level t 


ASTM E186 ASTM E280 
Severity Level 2 Severity Level 2 
Severity Level 2 Severity Level 2 
Type 1, Level 1 Type 1, Level | 
Type 2, Level 2 Type 2, Level | 
Type 3, Level 1 Type 3, Level | 


All discontinuities in Categories D, E, F and G are unacceptable. 
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specifications outlined in SAE Recommended Practice 
J429G and J105. Qualification of the higher strength materi- 
als shall be by testing of two threaded fasteners from each 
heat of steel for proof of mechanical strength, hardness, and 
Charpy impact energy values. The minimum average impact 
energy obtained from a set of three tests shall be 30 ft-lbs 
(40.6 Joules) at zero degrees Fahrenheit (minus 17.8°C) with 
no single test value less than 22 ft-lbs (29.8 Joules). 


13.6 PLATE 


Critical structural elements fabricated from plate which 
must transfer loads through the thickness or the short trans- 
verse dimension of the plate shall be ultrasonically inspected 
in accordance with ASTM A578, Level II quality, and shall 
be tested for resistance to lamellar tearing in accordance with 
the procedures and requirements of Supplementary Require- 
ment S-4 of API Std. 2H. or ASTM A770. 


14 Welding of Critically Stressed 
Components 


14.1. GENERAL 


All welding procedures for joining of structural load bear- 
ing or load transfer members of the crane and the perfor- 
mance of welders employing these procedures shall be 
qualified in accordance with a recognized standard such as 
the American Welding Society Specification for Welding 
Earthmoving and Construction Equipment, AWS D14.3, the 
American Welding Society Structural Welding Code, AWS 
D1t.1, or the American Society of Mechanical Engineers 
Boiler and Pressure Vessel Code, Section IX, Welding and 
Brazing Qualification. 


14.2 WELDING PROCEDURES 


A written procedure specification shall be prepared for all 
welding. Prequalified procedures as defined in AWS DI.1 
and AWS D14.3 are acceptable only for joining the materials 
using the consumables, joint configurations, and procedure 
limits specified therein. The welding of materials or use of 
procedures other than those defined by the AWS specifica- 
tions shall be qualified by testing a sample weld produced in 
accordance with a written procedure and tested in accor- 
dance with one of the standards listed in paragraph 14.1 
above. 


14.3 WELDER PERFORMANCE 


The performance of welders shall be verified by actual de- 
structive testing or alternatively by radiographic examina- 
tion. Radiographic examination shall be limited to groove 
welds using the shielded metal-arc, submerged-arc, gas tung- 
sten-arc, gas metal-arc (globular arc, spray arc or pulsating 
are only) and flux cored arc processes. The performance of 


welder employing short-circuiting (short-arc) gas metal arc 
welding processing shal] be qualified by destructive testing 
only. 


14.4 WELDING PROPERTIES 


The strength and fracture toughness of welds and heat af- 
fected zones in critical components shall meet the minimum 
design specification requirements of the materials being 
joined. Mechanical testing shall be conducted during proce- 
dure qualification to verify the required properties of the 
weld and heat affected zones are attained by the controls out- 
lined in the welding procedure specification. 


15 Nondestructive Examination, 
Components 


15.1 NONDESTRUCTIVE EXAMINATION 
PROCEDURES 


The manufacturer shall establish written nondestructive 
examination procedures for the examination of critical com- 
ponents of the crane. The procedures shall consider the stage 
of manufacture in which the examination is to be performed, 
the accessibility to examination methods, and the configura- 
tion of the component to be examined. These procedures 
shall be employed by the manufacturer’s personnel and/or 
any contract nondestructive examination personnel utilized 
by the manufacturer. 


15.2 NONDESTRUCTIVE EXAMINATION 
PERSONNEL QUALIFICATIONS 


All nondestructive examination personnel employed or 
contracted for by the manufacturer shall be qualified in ac- 
cordance with the procedures of the American Society of 
Nondestructive Testing Recommended Practice SNT-TC-IA 
at Level II proficiency. For ultrasonic examination of tubular 
members, the manufacturer shall verify the validity of the 
procedures and competency of personnel in accordance with 
the American Petroleum Institute Recommended Practice 
for Ultrasonic Examination of Offshore Structural Fabrica- 
tion and Guidelines for Qualification of Ultrasonic Techni- 
cians, API RP2X, 2nd edition, September 1988. 


15.3. MINIMUM EXTENT OF NONDESTRUCTIVE 
EXAMINATION 


The manufacturer shall identify all critical components of 
the crane. These components shall be subjected to nonde- 
structive examinations in accordance with a recognized 
workmanship standard or at the option of the manufacturer 
by a written examination procedure and acceptance criteria 
developed in a fitness-for-purpose fracture control plan. The 
extent of nondestructive examination of noncritical compo- 
nents is also the responsibility of the manufacturer. 


SPECIFICATION FOR OFFSHORE CRANES 27 


15.4 EXAMPLES OF WORKMANSHIP 
STANDARDS 


The following are examples of components which may be 
considered critical in some crane designs, some recognized 
procedures for conducting nondestructive examinations, and 
acceptance criteria representing workmanship standards. The 


Workmanship Standard Examples 


Component 


WELDS 
Base pedestal, 
upper load structure, 
booms fabricated 
of plate elements, 
fabricated drums 


Booms fabricated 
of tubular 
elements 

Weld thickness 
less than 3/x" 
(9.5 mm) 


Weld thickness 
Ifa" (9.5 mm) 
and over 


CASTINGS 
Drums, hook pin 
frames, sheave 
block housings 
reeving fittings 


WROUGHT 
PRODUCTS 
Forgings 
Hook pin frames 
load hooks 
reeving filtings 


Bar Stock 
Boom pins, gantry 
bridle pins, hook 
pins shafts. 


Method of 
Inspection 


ASME B & PVC, 
Section V, Art. 5, 
Ultrasonic 

or Art. 2, Radiographic 
as applicable 


ASME B & PVC, 
Section V, Art. 7, 
magnetic particle 


ASME B & PVC, 
Section V, Art. § 
and API RP2X, 
ultrasonic 


ASTM E709, 
Dry powder 
magnetic particle 


Acceptance Criteria 


ASME B & PVC, 
Section VIII, 
Appendix U or 
Para. UW-5SI, as 
applicable 


ASME B & PVC, 
Section VI, 
Appendix Vi, Para. 
UA-73 


ASME B & PVC, 
Section VIII, 
Appendix U 


ASTM E125, 
Reference 
Photographs for 
magnetic particle 
indications 


Type Maximuin Severity 


ASTM E70, Wet 
magnetic particle 


"J4" (6.3 mm) for 
T to 5/a” (16 mm) 


344" (9.5 mm) for 

T over /a" (16 mm) 
2 
3 

Non acceptable 
3 


indications transverse 
to principal stress or 
components with 
imposed torsional 
loads—none 


Indications parallel 
to principal 
stress—*/¢" 

(9.5 mm) max. 


manufacturer shall be responsible for developing a similar 
scheme (with appropriate acceptance criteria) trom consider- 
ation of the specific crane design, criticality of the compo- 
nent, and applicable nondestructive examination methods. 
Acceptance criteria based on fitness-for-purpose evaluations 
shall consider applied and residual stresses, material proper- 
ties, environmental exposure, and the limitations of the se- 
lected nondestructive examination method for detection and 
evaluation of imperfections. 


16 Marking 
16.1 NAMEPLATE 


Cranes to be installed on mobile offshore drilling units 
and fixed offshore platforms where jurisdictional authority 
requires nameplate confirmation of construction to this spec- 
ification shall have a permanent nameplate of stainless steel 
or other metallic material of equal corrosion resistance in a 
marine environment affixed to the structure in a conspicuous 
location protected from damage and disfigurement. The 
nameplate shall conform to the design shown in Figure 11 
with the required information imprinted in legible raised or 
stamped lettering not less than '/s” (4 mm) high. 


16.2 AP! MONOGRAM 


Manufacturers who wish to apply the API trade/service 
mark to the nameplate as a warranty to the purchaser that 
construction of the crane complies in all details to this spec- 
ification, the manufacturer has obtained an application li- 
cense from API, and has a quality control system which 
conforms to API Specification QI for Quality Programs 
should contact the American Petroleum Institute office 
whose address is imprinted on the cover of this specification. 
When applied to the nameplate, the API service mark shall 
be not fess than '/2” high and shall appear in the position 
shown in Fig. 11. 

Manufacturers interested in obtaining a monogram 
license should either write the API Dallas office at 700 North 
Pearl, Suite 1840 (LB-382), Dallas, TX 75201-2845 for an 
application package or obtain a copy of the Composite List 
of Manufacturers Licensed for Use of the API Monogram, 
Order No. 811-00005. 
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APPENDIX A—EXAMPLE LIST OF CRITICAL COMPONENTS 


The following is a list of some, but not all, components of Boom jib section and connection components 
a crane which may be classified as “critical” by the definition Primary load members of gantries, masts, and A-frames 
contained herein. The designer and/or manufacturer of each Load transfer members of the rotating upper structure 
crane shall be responsible for developing a similar list of Kingposts in Type E cranes 
components for each individual design. Pedestals and swing circle transition pieces of 


Critical Mechanical Components Types Bc Crank Crane 


All linkage between the brake control element and the Critical Rigging Components 
component to be controlled 
Hoist and slewing brake systems All running wire ropes in hoist systems 
Drums, shafts, and gears of hoisting and slewing systems All standing wire rope in foad restraint and support 
Slewing rings on Types A, B, C, and D cranes systems 
a Hook block assemb! 
Sailical Structural Companears Overhaul ball or ach assembly 
Boom chord members Wire rope dead-end connection devices 
Boom section connection components Floating harness or bridle assemblies 


Boom foot pins Wire line sheaves and sheave shafts 


an 


APPENDIX B—COMMENTARY 


B.2.1 RATED LOAD 


B.2.1.1 The rating system for pedestal cranes addresses 
the unique problems of these machines. Being attached to a 
rigid base, pedestal cranes are more susceptible to opera- 
tional overloads in on-platform use. In addition, the high 
speed capabilities required for off-platform operations in- 
crease the impact potential in on-platform lifts. Static rated 
load, therefore, has been established at 75 percent of the de- 
sign load. 

The static rated load as defined in this specification is in- 
tended to apply to static lifts with a crane either mounted to 
a bottom supported structure or to a floating structure of 
sufficient size that the structure experiences no significant 
listing. The Spec 2C committee contends that static ratings 
do not apply to floating cranes, floating derricks, nor barge 
mounted cranes or derricks. For such applications, 3.1.2 of 
the Specification should be utilized to obtain ratings which 
are analogous to static ratings but which would technically 
be classified as dynamic ratings for calm conditions, and 
would include sidelead and offlead angles based on expected 
vessel list. 


B.2.1.2 It is clear that off-platform operations involve 
impact factors larger than on-platform operations. These de- 
rating coefficients are established in other sections of the 
specification and are to be at least as large as the static 
deration. 

The treatment of dynamic effects in this specification rep- 
resents the committee’s efforts to establish crane deratings 
which will minimize the probability of failure in a dynamic 
environment. The committee carefully studied the state-of- 
the-art in structural dynamics analysis and found that very 
sophisticated theoretical modeling techniques do exist in the 
literature. However, it is obvious that dynamic load charts 
produced from the most sophisticated computational meth- 
ods available would be of no more value to an offshore crane 
operator than one generated from simplified assumptions 
since the operator must react to such rapidly changing envi- 
ronmental conditions. Hence, for this reason and others the 
single degree-of-freedom (DOF) mathematical model was 
adopted. Furthermore it must be pointed out that although 
the rating method adopted here will make offshore crane lifts 
safer, it has no provisions for dealing with the extreme dy- 
namic overloads such as accidentally hooking up to a supply 
vessel or stopping a falling load, etc. Such overloads can be 
unbounded and cannot be computationally incorporated into 
a rating chart. 


B.2.1.3 To provide a substantially increased structural 
safety margin for personnel handling, the rated load for these 
operations is established at one-third of the static rated load. 
This provides a factor of 4.0 against allowable stresses and at 
least 6.0 against yield for structural components. Increased 


at 


design factors for wire rope strength are also provided. 


B.2.2 The method used to calculate dynamic coelfients is 
based on a single DOF (degree of freedom) mathematical 
model. Although multiple DOF models have demonstrated 
enhanced ability to predict stresses in crane components, the 
single DOF model should adequately predict effects on the 
crane foundation. While stresses in the boom and other com- 
ponents are important for establishing service life, the pri- 
mary safety concern lies in foundation stresses which may 
lead to a separation failure. Thus, a simple single DOF 
model has been chosen. 


B.2.2.1 


a. The offlead and sidelead forces determined in 4.1.2.2, 
combined with an appropriate wind loading, provide a good 
dynamic rating procedure which should adequately cover 
operations where skilled crane operators are involved. The 
formulae in this section and in section 4.1.2.2 provide a 
means of assessing dynamic rated Joad, sideload, and offload 
as a function of significant wave height. The amount of dy- 
namics increases as the significant wave height increases, 
providing a rational means of determining the associated re- 
duction in crane rated load. 

b. The second method for establishing dynamic coefficients 
requires purchaser specification of offlead, sidelead, and ver- 
tical deck motions. This requires some degree of sophistica- 
tion on the purchaser's part and a great deal of site specific 
information, since this information is not generally available. 
Several methods are available to obtain this data, including 
(a) direct measurement of deck velocity at the platform, (b) 
motion studies for vessels at sea, or (c) water surface velocity 
calculations based on sea state. The third option is easiest 
and most widely used. As an example, Table B1 shows one 
correlation of velocity to seastate, excerpted from SAE 
J1238.! Other correlations are available’. 

The parameter V, tabulated in Table B| was added to pro- 
vide an estimate for the cargo deck velocity required in com- 
puting the dynamic coefficient C,. As explained in SAE 
31238, the factor 1.577 was chosen from a normal distribu- 
tion to provide a 90% probabitity that the next wave will 
have a velocity less than V, as defined above. 

In addition to determining deck velocity for a site specific 
evaluation, the purchaser should determine desired wind 
speed, offlead, and sidelead to be considered in the dynamic 
rating chart. 

c. The third method for establishing a dynamic coefficient is 
adoption of a uniform factor for all off-platform lifts. This 


‘Rating Lift Cranes on Fixed Platforms Operating in the Ocean 


Environment”—SAE J}238, Society of Automotive Engineers, SAE 
Recommended Practice, Approved, October 1978. 

2Table 11-10 of “Handbook of Ocean and Underwater Engincering” Myers, 
Holm and MacAlilister,” McGraw-Hill, 1969. 
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has substantial operational advantages in simplifying rating 
charts and their use. The dynamic coefficient must be large 
enough to account for the most severe operating sea condi- 
tions, yet not substantially hamper crane capabilities in nor- 
mal use. Therefore, this methad is reasonable only in areas 
where mild sea conditions predominate, such as the Gulf of 
Mexico. A rating system of this type, using a dynamic coef- 
ficient of 2.0 with zero offlead, sidelead, and windspeed, has 
been used in the Gulf of Mexico with good results. Using the 
deck velocity correlation from SAE J1238 for a tethered boat 
for a Beaufort Wind Force of 5 also yields a factor of 
about 2. 


8.2.2.2 Calculation of dynamic coefficients for cranes on 
floating structures is a more complex problem than the fixed 
structure problem. The purchaser is required to provide more 
information. The data required relate to vessel motions and 
should be within the purchaser's ability to provide. 


B.3.1 In applying the AISC specification to cranes specif- 
ically, the design engineer is faced with making certain inter- 
pretations regarding functional differences of certain 
structural members on cranes compared to their counterpart 
in a building. This is particularly true in the case of the boom 
in regard to allowable compressive stresses which AISC ex- 
presses in terms of the effective length factor, K, in regard to 
elastic buckling. 

The numerical value of K is appropriately feft to the de- 
sign engineer, however, not without a sound engineering ba- 
sis. For cranes with boom lines attached at the boom tip, the 
factor for buckling in the vertical plane is K = 1.0 and for 
buckling out of the vertical plane the conservative assump- 
tion is K = 2.0 (for a “flagpole”). However, an assumed value 
of K = 2.0 for “out of plane” buckling can be overly conser- 
vative, especially for long booms. The correct effective 
tength factor can be computed, but not in a simple or direct 
manner, as it is a function of resistance to sideload from the 
high tension lines and this resistance increases with increas- 
ing load being lifted.' The procedure is generally imple- 
mented with the aid of an electronic computer and, as a 
result, design curves are not readily available. Also required, 


in the computation of K for the overall boom, is the compu- 
tation of an average moment of inertia required in arriving at 
a radius of gyration, for use in the AISC specification. Meth- 
ods for computing average moment of inertia of a laced col- 
umn is available in the literature.23 

Effective length factors of individual boom components, 
i.e., unbraced portions of chords, and lacing members must 
also be considered. Here again the design engineer can 
choose conservative values or he can perform buckling anal- 
yses (using finite element models) of the chord/lacing struc- 
tural system. This type of analysis (finite element) is 
necessary to properly employ the AISC specification in the 
case of booms with lacing not meeting the requirements of 
paragraph !.18.2.6: 

“1,18.2.6 Lacing, including flat bars, angles, channels, or 
other shapes employed as lacing, shall be so spaced that the 
ratio I/r of the flange included between their connections 
shall not exceed the governing ratio for the member as a 
whole. Lacing shall be proportioned to resist a shearing 
stress normal to the axis of the member equal to 2 percent of 
the total compressive stress in the member. 

The ratio I/r for lacing bars arranged in single systems 
shall not exceed 200. Double lacing bars shall be joined at 
their intersections. Lacing bars in compression may be 
treated as secondary members, with | being taken as the un- 
supported length of the lacing bar between fasteners or welds 
connecting it to the components of the built-up member for 
single lacing and 70 percent of that distance for double lac- 
ing. The inclination of lacing bars to the axis of the member 
shall preferably be not less than 60 degrees for single lacing 
and 45 degrees for double lacing. When the distance be- 
tween the lines of fasteners or welds in the flanges is more 
than 15 inches, the lacing shall preferably be double or be 
made of angles.” 


'For example, see: Young, R. D., Pelletier, A. F., Metting, L. C., “The Me- 
chanics of Crane Booms in Three Dimensions,” Presented at the Energy 
Technology Conference and Exhibition, 1978, Houston, Texas. 

Guide for the Analysis of Guy and Stiffleg Derticks,” American Institute 
of Stect Construction, 1974. 

3“Theory of Elastic Stability; Timoshenko & Gere,” 2nd Edition, McGraw- 
Hill, 1961. 


Table Bi 
Beaufort Wind Force 3 4 5 6 7 
Sea State 1-2 2-3 4-5 5-6 6-7 
3 9 2.1 4.0 71.0 
Significant Wave—m(f) (1.0) (2.9) (6.9) (13) (23) 
ie 2 55 13 2.5 43 
Avernge Wave Height. H—m(ft) (0.6) (1.8) (4.3) (8.2) (14.0) 
Average Wave Period, T (sec) 2.4 39 5.4 7.0 8.7 
_ 0.08 0.14 0.24 36 49 
H/T - nvsec (ft/sec) (.25) (0.46) (0.80) (0.17) (1.61) 
40 70 119 1.78 2.43 
Vyttvsec (f/sec) (1.24) {2.28 (3.96) (5.80) (7.98) 


"Vy = Liga _ estimated cargo deck velocity 
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Gantrys and A-frames should also be analyzed with regard 
to bending moments occurring at the braces. This is gener- 
ally achieved with the use of finite element models. 


B.3.1.4 Appendix B of the AISC specification provides 
fatigue design criteria for typical structural connections, var- 
ious types of welds and several ranges of loading cycles. The 
25,000 cycles of design load, chosen as a minimum, is not to 
be construed as a representative number of loading cycles for 
offshore cranes, but rather as the lowest acceptable number 
of cycles to be used for design. The 2C Task Group was un- 
able to produce a workable guideline on duty cycles of off- 
shore tranes because of the wide range of applications. 
Therefore, it remains the responsibility of each crane manu- 
facturer to design his product in accordance with its expected 
usage, and of each crane purchaser to inform the manufac- 
turer of any special requirements regarding duty cycle. 

The treatment of hot spot stresses as discussed in this 
specification, was adopted from API RP 2A (paragraph 
2.5.3.d). Although that treatment was developed for tubular 
connections, the 2C Task Group feels that it can be applied 
to offshore cranes as well, especially for nontypical connec- 
’ tions which may exceed the scope of AISC Appendix B, and 
for welds which rely on length, rather than cross-section, for 
the transfer of toad. 


B.4.1. The manufacturer shall ensure that this design 
method does not change between models or cranes without 
- re-performing design authentication testing. In that regard, it 
is recommended that the design procedure be well docu- 
mented and complete. Many factors influence the strength of 
Crane structures including material properties, weld 
strengths, lacing size and angle, and transition details in ar- 
eas of stress concentrations. Any modification to a crane crit- 
ical structural component should be documented by the 
manufacturer as meeting the standard design method or 
should be re-tested for design authentication. 


B.4.2 An example procedure' for crane strain gauge test- 
ing is given in SAE J987 for cranes of Type C, D, or E from 
Figure 1. An example procedure for cranes of Type A or B is 
given in SAE 31063. These procedures discuss test measure- 
ments, gauge readings, procedures, and loading conditions 
typical for crane structures. They provide a good reference 
for typical crane test procedures. 


B.5.2 Wire rope is an expendable item and is routinely re- 
placed in accordance with criteria set out in API RP 2D Rec- 
ommended Practices for Maintenance and Operation of 
Offshore Cranes. It also has variable load-life characteristics 
which significantly differ from the more or less permanent 
components of the crane. Because of this and the many other 
inherent properties peculiar to wire rope, it was decided to 


ISAE Recommended Practices, 1987, “Rope Supported Lattice-Type Boom 
Crane Structures, Method of Test” and 31063, “Cantilevered Boom Crane 
Structures, Method of Test", Society of Automotive Engineers, 400 Com- 
monwealth Drive, Warrendale, PA 15096. 


set singular design factors taking into consideration each 
type rope and rope service. The design factors have been in- 
creased and, based on experience, are sufficiently large to ac- 
count for minor strength effects such as specitied sheave 
sizes, tackle dynamics and nominal vs. minimum rope 
strength. 


B.5.4 The present rejection or replacement criteria in API 
RP 2D, second edition, June 20, 1984, were established for 
the more conventional or standard construction wire ropes 
and does not appropriately consider the less predictive fail- 
ure characteristics of rotation resistant type ropes. In addition 
to the inspection, maintenance and replacement guidelines 
set out in API RP 2D and, until such time as API RP 2D has 
been modified to include. special inspection criteria for this 
non-standard construction rope, rotation resistant rope oper- 
ation under API Spec. 2C design factors shouid be repjaced 
when there are four randomly distributed broken wires in 
one lay or two broken wires in one strand in one lay. Limited 
non-personnel usage may continue until there are six ran- 
domly distributed broken wires in one lay or three broken 
wires in one strand in one lay if the load is restricted to main- 
tain a design factor of 10.0. 


B.5.5 Minimum sheave ratios have been increased for 
boom hoist systems because of the heavy use of that system 
in pedestal mounted: cranes. Note that the D/d ratio continues 
to use pitch diameter as opposed to root or tread diameter. 


B.6.1.6 The Comparative Power Rating is intended to pro- 
vide to the purchaser an indication of the relative life of dif- 
ferent hoist units when operated under similar conditions. 
This is done by providing a uniform method of rating calcu- 
lation. 

An insufficient data base exists for Offshore operations in 
which to develop a rigid design standard incorporating duty 
cycles, i.e., horsepower ratings, such as exists with industrial 
overhead hoists which are generally classified and rated in 
accordance with specifications such as “Standard Specifica- 
tions for Electric Wire Rope Hoists,” HM1100-74 published 
by Hoist Manufacturers Institute. These specifications nor- 
mally divide hoist applications into five groups based on an- 
ticipated duty cycle. The CPR adopted by the API is based 
on the H3 (Mid-Range Application) designation in the above 
document. 


B.12 


Material requirements are specified herein to minimize 
failures of critical components whose fracture would result 
in loss of load or structural instability. It is intended for crane 
designers to consider the significance of individual compo- 
nents and establish the criticality of each. These require- 
ments are not intended to apply to components whose 
fracture would be considered a nuisance or inconvenience 
(e.g., hand rails, cab enclosures, deck plating, etc.) but only 
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components of the structural load transfer system. The prop- 
erties and requirements for wire rope are detailed elsewhere 
and are not a part of these paragraphs. 


B.12.1 The vast majority of crane designs are based on 
well founded engineering principles and manufacturing de- 
tails are generally shown in detail on the resultant engineer- 
ing drawings. Frequently, the material properties and 
strength requirements employed in the design considerations 
are lacking on the engineering drawings and are absent in 
documentation available to manufacturing personnel. The re- 
quirements of this paragraph are for the purpose of assuring 
consideration of the material properties to be used in critical 
components and the development of material specification 
based on those considerations. 


B.12.2 The traceability requirements minimize the inad- 
vertent use of unintended or inappropriate materials for man- 
ufacture of critical components. 

Insistence upon traceability to the producers control pa- 
rameter further minimizes errors in material usage resulting 
from clerical errors and unscrupulous certifications by third 
party material suppliers. When material traceability or iden- 
tification is lacking, the crane manufacturer may elect to de- 
termine the properties of such materials by conducting tests 
within its own laboratories or in an outside facility. If the 
tests conducted by the crane manufacturer prove the materi- 
als of unknown origin conform to the manufacturer's design 
criteria, the test reports provide the documentation to justify 
use of the materials. 


8.12.3 Sudden or catastrophic failure of critical compo- 
nents is minimized by employing materials with sufficient 
fracture toughness to tolerate any inherent imperfections re- 
sulting from manufacturing or fabrication. Indexing the 
Charpy impact energy requirements to the transition temper- 
ature provides a margin of safety against small flaw brittle 
fracture initiation at higher temperatures. For service expo- 
sures with frequent recurrence at or near the transition tem- 
perature, toughness requirements should be increased, the 
critical components protected from the low temperature ex- 
posure, or the design service temperature lowered to avoid 
frequent exposures to the transition temperature. 

Brittle fracture occurs when the interdependent parame- 
ters of tensile stress, fracture toughness, and material imper- 
fection exist in a critical combination. Of the three, fracture 
toughness is the parameter determined with greatest reliabil- 
ity. Determination of imperfection size by available nonde- 
structive inspection techniques and assessment of actual 
stresses resulting from concentration factors and fabrication 
residuals is accomplished with less precision. Materials sub- 
jected to controlled thermal stress relief treatments are 
excluded from the small flaw fracture initiation category if 
the design considerations have accounted for stress concen- 
tration factors; i.e., the actual applied stresses are within 
commercial design codes. 


Use of materials with brittle properties may be justified by 
designs which incorporate sufficient redundancy to assure 
continued safe operation of the machine should one or more 
of its members fail. Further justification for use of materials 
of uncontrolled fracture toughness can be provided by 
inspections and examinations to assure the materials are free 
of critical size imperfections and will remain free in subse- 
quent service. For nonredundant components exposed to cor- 
rosive environments and cyclic stresses, design and 
manufacture of critical components using materials of 
known fracture resistance is the responsible engineering 


approach. 


B.12.4 Structural components of complex shape are more 
readily produced by casting the part to final shape rather than 
machining from wrought shapes or by forging to the approx- 
imate final form. Sound stee! castings exhibit properties 
comparable to their wrought counterpart. The soundness of 
castings depends to a great extent on the foundry practice, 
particularly the initial procedures to feed the flask with hot 
metal. The validity of the pouring procedure is verified either 
by destructive sectioning of a prototype casting to reveal po- 
tential shrinkage, porosity, sand and dross entrapment, etc., 
or by nondestructive examinations capable of disclosure and 
definition of imperfections in all critical areas of the casting. 
Radiography is the traditional technique for this purpose and 
graded standards or acceptance have been developed by the 
American Society for Testing Materials for use in selecting 
the quality level compatibfe with the design criteria. 
Prototype examinations which indicate sound casting 
practices are not an assurance all castings produced by the 
procedure will exhibit equal quality; therefore, the prototype 
procedures should be developed to assure acceptable sound- 
ness under routine foundry practice. The acceptance criteria 
specified in Table 5 is for that purpose. Specification of these 


__ quality levels does not result in delivery of castings free of al! 


imperfections, nor does it impose requirements beyond the 
capabilities of commercial foundries. The crane designer is 
encouraged to become thoroughly familiar with the imper- 
fections permitted by these requirements and assess the sig- 
nificance on the individual design reliability. 

Resistance of castings to brittle fracture is improved by 
the absence of residual solidification and cooling stresses. 
Controlled cooling of castings following the solidification 
results in significant reductions in residual stresses; however, 
castings removed from the mold at elevated temperatures 
above the steel’s transformation temperature and cooled 
rapidly to enhance strength properties can result in signifi- 


_ Cant residual stress levels. Shakeout procedures for control of 


properties and residual stresses are often poorly controlled at 
the foundry necessitating a subsequent thermal treatment un- 
der controlled conditions. 


B.12.5 Fasteners subjected to high tensile and/or dynamic 
loading are potential brittle fracture candidates due to inher- 
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ent notch effects of thread geometry. Crane designers should 
assess the criticality of all bolted connections and consider 
the advantages of specifying round bottom or rolled thread 
profiles. 

Fasteners of critical classification are required herein to 
possess a minimum strength level and adequate fracture 
toughness to minimize fracture initiating at fatigue cracks re- 
sulting from cyclic loading and/or corrosion pitting from ex- 
posure to the marine evironment. When fasteners of strength 
levels higher than attainable from the specification of ASTM 
A320 are employed, selections are to be justified by design 
considerations and testing to assure compliance with the de- 
sign requirements. For service design temperatures ap- 
proaching zero degrees Fahrenheit (minus 17.8°C), the crane 
designer should consider more stringent fracture toughness 
requirements as compensation for the thread stress concen- 
tration factors and the inherent propensity for brittle fracture 
in high strength steels. For all critical bolting, the designer 
should consider the provisions of paragraph 8.3.4 imposed 
on swing circle fasteners and develop assembly specifica- 
tions to assure proper installation and makeup of the fastener. 


B.12.6 Lamellar tearing of rolled plate was first docu- 
mented as a failure mechanism shortly after the development 
of arc welding as a fabrication tool. The potential for failure 
by lamellar tearing became more widely recognized follow- 
ing several instances of failure in North Sea structures. 

Research by British investigators related the mechanism 
of lamellar tear to nonmetallic inclusions retained from the 
steel making process. Laboratory investigations and mill test 
procedures were correlated to define a mechanical property 
which could be employed as an acceptance tool for procure- 
ment of plate resistant to lamellar tearing. The tool was 
found in a simple tensile test conducted on specimens re- 
moved from the through thickness direction of the plate. 

Stee! makers have developed methods of reducing the 
density, size and shape of residual nonmetallic inclusions 
which permits loading of the plate in the through thickness 
direction without significant hazards of lamellar tearing. 

Specification of the through thickness tensile test require- 
Ment on procurement of plate together with ultrasonic exam- 
inations provide assurance that the material has a low level 
of nonmetallic inclusions as well as freedom from large lam- 
inations resulting from ingestion of other contaminants or 
from rolling practice. 

Crane design engineers should evaluate all design details 
which result in loading in the through thickness direction and 
either modify the detail to eliminate through thickness load- 
ing or prepare procurement specification employing the ad- 
ditional performance requirements detailed in this paragraph. 


B.13 


The performance of critical welded components of the 
crane is contingent upon welding procedures which develop 


the strength and fracture toughness of the materials joined by . 


the welding. The ability of the welders to apply the provi- 
sions of the procedures is assured by performance tests out- 
lined in the referenced documents. 


B.13.2 Written welding procedures are essential to control 
of critical member fabrications. Procedures should be in suf- 
ficient detail and clarity to be readily interpreted by shop fab- 
rication personnel. The prequalified procedures described in 
the American Welding Society specifications are reliable for 
joining steels of known weldability and those listed in the 
specifications. These procedures will generally yield accept- 
able results on the tabulated materials and need not be 
proven by actual laboratory testing. The performance of 
these procedures for welding alloy steels and others unlisted 
in the specifications is uncertain. For these steels, laboratory 
testing is specified to assure the procedures employed will 
yield satisfactory results. 


B.13.3 The manipulative skills of welders can be ascer- 
tained by radiography or by destructive bend testing when 
welding processes are employed with known characteristics 
devoid of a propensity to produce fusion and other planar 
type defects. When welders are to be qualified on short-cir- 
cuiting (short-arc) gas metal arc welding, destructive bend 
testing is employed to detect the presence of planar imper- 
fections which may be inherent in the use of the process. 


B.13.4 The American Welding Society specifications pro- 
vide minimum guidance for assessment of procedures for 
welding fracture controlled materials. When developing pro- 
cedures for the joining of fracture resistant materials, the re- 
quirements of the American Society of Mechanical 
Engineers should be employed with fracture toughness test- 
ing imposed on the weld and heat affected zones. Charpy im- 
pact testing is the traditional sampling technique; however, 
the crane manufacturer utilizing a fitness-for-purpose design 
philosophy may wish to substitute crack opening displace- 
ment or plane strain fracture toughness testing for the 
Charpy tests. 


B.14 


Nondestructive examinations provide some added assur- 
ance that critically stressed components and fabrications are 
free of imperfections capable of initiating fractures. The 
extent of examination and the imperfection acceptance limit 
are considerations dependent on material properties, design 
stress levels, structural redundancy, and criticality of the 
component. These considerations are an integral part of the 
design process and form the basis on which control person- 
nel develop the operating procedures for inspections and 
examinations to be conducted during the course of manufac- 
turing and fabrication. 


B.14.1_ The applicability of method and extent of inspec- 
tion are essential factors in the validity of any nondestructive 
examination program. Radiographic examinations are effec- 
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tive in the detection of internal three dimensional imperfec- 
tions in castings and butt welds. The method is less effective 
in the detection of planar imperfections such as cracks and 
lack of fusion or in the examination of tee butt configurations 
which limit optimum orientation of the radiation beam and 
film placements. Ultrasonic examination techniques yield 
more reliable results in the detection of planar imperfections 
provided the procedure employed results in a perpendicular 
interception of the sound beam and imperfection. Magnetic 
particle examinations are equally sensitive to the orientation 
of the magnetic field with respect to the imperfection orien- 
tation and for practical purposes can be relied upon only for 
detection of surface or near surface defects. The reliability of 
liquid penetrant techniques, also limited to surface defect de- 
tection, is influenced strongly by surface contaminants such 
as oil and grease. Inadequate cleaning, insufficient penetrant 
dwell time, poor excess penetrant removal, and improper 
developing techniques all influence the reliability of the 
technique. 

These factors should be considered by the crane manufac- 
turer’s engineering and quality control personnel in the de- 
velopment of non-destructive examination procedures to 
obtain the optimum results possible from the attributes of 
each available method. The procedures and specification re- 
quirements of the American Society of Mechanical Engi- 
neers Boiler and Pressure Vessel Code, Section V, provide an 
excellent source of information for development of working 
nondestructive examination procedures. 

Conducting the examinations immediately following pro- 
cessing which can introduce new material imperfections 
eliminates potential entry of imperfect materials into the 
manufacturing system and minimizes waste of available 
manpower expended on work fater to be discarded. 


B.14.2 Present commercial practice for nondestructive ex- 
amination personnel competency verification places respon- 


sibility for the verification on the manufacturer. The com- 
mercial practice is contained in a recommended practice 
published by the American Society of Nondestructive Test- 
ing which details requirements for personnel education, 
training, and certification. In addition to verification of cap- 
tive employees, these recommendations are equally applica- 
ble to personnel employed on a contract basis. Regardless, 
the manufacturer retains responsibility for the contractor’s 
competency. 

The unique features of tubular member truss structures re- 
quire the use of corrections and procedures not common in 
the ultrasonic examination of plate and rolled shape welding. 
The American Petroleum Institute recognized these added 
requirements and developed a recommended practice to 
qualify personnel using these techniques. When the ultra- 
sonic technique is used for this purpose, the API recommen- 
dations for personnel verification are appropriate. 


B.14.3 and C.14.4 Paragraph 15.4 outlines some com- 
ponents of cranes which may be considered critical in some 
designs together with applicable methods of examinations 
and appropriate acceptance criteria. Each crane manufacturer 
should assess its designs for applicability of these examina- 
tions. Consideration of load applications (tension, shear, 
compression) is pertinent to the decision to employ these ex- 
aminations and acceptance criteria. The basis of the deci- 
sions should be documented and available for review by the 
American Petroleum Institute and the buyer. 

When nondestructive examinations are based on fitness- 
for-purpose design philosophies, the choice of examination 
methods and acceptance criteria are functions of materials 
properties, magnitude and direction of stress, and the antic- 
ipated accuracy in flaw size measurement. These factors are 
to be determined by documented testing of materials and ap- 
propriate calculations of acceptable flaw sizes based on rec- 
ognized fracture mechanics methodology. 


APPENDIX C—MINIMUM PURCHASE INFORMATION—API SPEC 2C 


Performance Criteria: 
Maximum dynamic lift: _.________ Ibs (kg) at ______—_ feet (m) 
Maximum static lift: _..--_—~—S stb s (Kg) at —____ feet (m) 


Maximum auxiliary lift! mt. Ibs (kg) at _____. feet (m) 
Auxiliary hook available speed:____..____ ft/min (m/min) 


Features: 

Boom length: feet (m) Prime Mover: 
Auxil. Tip Cap; ____t_______ Ib (kg) Starter Type: 
Anti-Two Block Type: See 12.6 
Audible Warning: See 12.8d 

Noise Levels: See 11.7 
Atidle _.___-—s d B(A) (default 90 dB (A) 


Atload _____ sd B(A) (default 95 dB (A) 


Area Classification: See 9.4 


At crane: Class _. «Cs Div TTT «SC Group 
On boom: Class _._ Cs Div SC, Group 
Power Unit: Class _s«CS Div_SCW Group 


Environmental Criteria: 


Elevation of Boom Heel Pin ft (m) 


above typical supply boat deck. 


Operating Temperature: max——___________ min. 


Wave Criteria: See 3.2 
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